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PREFACE 

The Atomic Energy Commission (AEC) has used the  Nevada Tes t  S i t e  (NTS) 

s i n c e  January 1951 a s  an a r e a  f o r  conducting nuc l ea r  de tona t ions ,  nuc l ea r  

rocket-engine deve lopmnt ,  nuc l ea r  medicine s t u d i e s ,  and miscellaneous 

nuc l ea r  and non-nuclear experiments.  With t he  except ion of a t e s t  

moratorium from October 30, 1958, t o  September 1, 1961, atmospheric nuc lear  

t e s t s  were conducted p e r i o d i c a l l y  from 1951 through J u l y  17, 1962. Since 

J u l y  17, 1962, i n  accordance with t h e  l i m i t e d  t e s t  ban t r e a t y ,  a l l  nuc lear  

de tona t ions  have been conducted underground with t h e  expec ta t ion  of con- 

tainment except f o r  f i v e  nuc l ea r  ea r th -c ra t e r ing  experiments conducted 

under t h e  Plowshare program. 

Under the U .  S. Publ ic  Health Serv ice  (PHs) from 1959 through 1970, 

and s i n c e  1970, under t h e  U. S. Environmental P ro t ec t i on  Agency (EPA), 

f a c i l i t i e s  have been maintained i n  Las Vegas, NV, f o r  the purpose of 

providing an Off -Si t e  Radiological  Surve i l lance  Program f o r  the  AEC. P r i o r  

t o  t h a t  t ime,  su rve i l l ance  was performed by the  Los Alamos S c i e n t i f i c  

Laboratory and by U. S. Army personnel.  Although o f f - s i t e  su rve i l l ance  

has  been provided by t h e  Las Vegas f a c i l i t y  f o r  nuc l ea r  explosive t e s t s  

a t  p l aces  o t h e r  than the  NTS, the  primary s u r v e i l l a n c e  e f f o r t  has  been 

cen te red  around the  NTS. 

The ob jec t ive  of t h e  Program from the beginning has  been to  measure 

l e v e l s  and t rends  of r a d i o a c t i v i t y  i n  the  o f f - s i t e  environment surrounding 

t e s t i n g  a r ea s  t o  a s su re  t ha t  t he  t e s t i n g  is i n  compliance with e x i s t i n g  

r a d i a t i o n  p r o t e c t i o n  s tandards.  To a s se s s  of f - s i t e  r a d i a t i o n  l e v e l s ,  

r ou t ine  sampling networlcs f o r  milk, water ,  and a i r  are maintained along 

wi th  a dosimetry network and s p e c i a l  sampling of food crops,  s o i l ,  

e t c . ,  a s  required.  

I n  gene ra l ,  a n a l y t i c a l  r e s u l t s  showing r a d i o a c t i v i t y  l e v e l s  above 

n a t u r a l l y  occur r ing  l e v e l s  have been publ ished i n  r epo r t s  covering a 



test s e r i e s  o r  test p r o j e c t .  Beginning i n  CY 1959 f o r  r e a c t o r  t e s t s ,  and 

i n  CY 1962 f o r  weapons tests, s u r v e i l l a n c e  d a t a  f o r  each i n d i v i d u a l  test 

which r e l eased  r a d i o a c t i v i t y  o f f - s i t e  were r epo r t ed  sepa ra t e ly .  Commencing 

i n  January 1964, and cont inuing  through December 1970, t hese  i n d i v i d u a l  

r e p o r t s  f o r  nuc lea r  t e s t s  were a l s o  summarized and r epor t ed  every s i x  months 

wi th  t h e  a n a l y t i c a l  r e s u l t s  f o r  a l l  r o u t i n e  o r  s p e c i a l  milk samples. 

I n  CY 1971, t h e  AEC implemented a requirement (AEC Manual, Chapter 0 5 1 3 ) ~  

f o r  a comprehensive r a d i o l o g i c a l  monitoring r e p o r t  from each of t he  s e v e r a l  

con t r ac to r s  o r  agencies  involved i n  major nuc lea r  a c t i v i t i e s .  The compilation 

of  t h e s e  va r ious  r epo r t s  s i n c e  t h a t  t ime and t h e i r  e n t r y  i n t o  t h e  gene ra l  

l i t e r a t u r e  s e r v e  t h e  purpose of providing a s i n g l e  source  of information con- 

cern ing  on-going environmental impact d a t a  from AEC sponsored a c t i v i t i e s .  To 

provide  more r a p i d  d isseminat ion  of  d a t a ,  t k e  nonth ly  r e p o r t s  of a n a l y t i c a l  

r e s u l t s  of a l l  a i r  d a t a  c o l l e c t e d  s i n c e  J u l y  1971, and a l l  milk and wa te r  

samples c o l l e c t e d  s i n c e  January 1972, are slibmitted t o  t h e  app ropr i a t e  s t a t e  

h e a l t h  departments involved,  and a r e  a l s o  publ ished i n  Radia t ion  Data and Reports 

a monthly p u b l i c a t i o n  of  t h e  EPA. 

Since 1962, PHS/EPA a i r c r a f t  have a l s o  been used during nuc lea r  t e s t s  t o  

provide  r a p i d  monitoring and sampling f o r  r e l e a s e s  of  r a d i o a c t i v i t y .  Early 

a i r c r a f t  monitoring d a t a  obta ined  immediately a f t e r  a' t e s t  a r e  used t o  p o s i t i o n  

mobile r a d i a t i o n  monitors ,  and t h e  r e s u l t s  of  cloud sampling a r e  used t o  quant i-  

t a t e  t h e  i n v e n t o r i e s  of t h e  rad ionucl ides  re leased .  Beginning wi th  CY 1971, a l l  

monitor ing and sampling r e s u l t s  of  a i r c r a f t  a r e  repor ted  i n  e f f l u e n t  monitoring 

d a t a  r e p o r t s  i n  accordance wi th  AEC Manual, Chapter 0513. 
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INTRCDUCTION 

Under a Memorandum of Understanding, No. AT(26-1)-539, wi th  t h e  U. S. 

Atomic Energy Commission (AEC), t h e  U. S. Environmental P ro t ec t ion  Agency 

(EPA) , National  Environmental Research Cen ter-Las Vegas (NERC-LV) , continueh 

a  program of rou t ine  and s p e c i a l  r a d i o l o g i c a l  s u r v e i l l a n c e  of var ious  media 

i n  t h e  environment surrounding t h e  Nevada Tes t  S i t e  (NTS) and a t  o t h e r  s i t e s  

des igna ted  by t h e  AEC dur ing  1973. This  r e p o r t ,  prepared i n  accordance with 

t h e  AEC Manual, Chapter 0513, conta ins  summaries of NERC-LV sanpl ing  methcc- 

o log ie s ,  a n a l y t i c a l  procedures ,  and t h e  r e s u l t s  of a l l  environner.ta1 sarcples 

c o l l e c t e d  i n  support  of AEC nuc lea r  t e s t i n g  a c t i v i t i e s .  Where app l i cab le ,  

sampling d a t a  a r e  a l s o  compared t o  app ropr i a t e  guides f o r  e x t e r n a l  and i n t e r n a l  

exposures t o  i o n i z i n g  r a d i a t i o n .  I n  a d d i t i c n ,  a b r i e f  sumnary of p e r t i n e n t  

e c o l o g i c a l  and demographical f e a t u r e s  of t he  NTS and the  NTS environs is pre- 

s en ted  f o r  background information.  

NEVADA TEST SITE 

The major prograuii conducted a t  t h e  IIJTS i n  t he  p a s t  have been nuc lear  

weapons development, p roo f - t e s t i ng  2r.d wec?pons s a f e t y ,  t e s t i n g  f o r  peacefu l  

uses  of nuc lea r  explos ives  (Pro jec t  Plowshzre),  nuc lear  rocket  development 

(P ro j ec t  Rover), b a s i c  high-energy nuc lea r  phys ics  research ,  and se i smic  s t u d i e s  

(Vela-Uniform). During t h i s  r e p o r t  per iod  these  p rog rz r s  k e r e  continued wi th  

the  except ion  of P r o j e c t  Rover, which was t e rn inz t ed  i n  January 1972. No 

Plowshare t e s t s  were conducted a t  t h e  NTS dur ing  t h i s  pe r iod ,  t h e  only t e s t  

being conaucted off-NTS. A l l  nuc l ea r  t e s t i n g  was conducted underground t o  

minimize t h e  p o s s i b l e  r e l e a s e  of f i s s i o n  products  t o  t h e  atmosphere. 

S i t e  Locat ion 

The Nevada Test  S i t e  (Figures  1 and 2)  is  loca t ed  i n  Xye Cocnty, NV, wi th  

i t s  sou theas t  corner  about 100 b. (65 r i )  northwest  of Las Vegas. The NTS has 

an a r e a  of about 3500 km2 (1350 square n i )  and v a r i e s  frorr. 40-56 km (25-35 m i )  

i n  width (east-west) and from 64-88 km (40-55 ~ i )  i n  length  (ncrth-south).  This 

a r e a  c o n s i s t s  of l a r g e  bas ins  o r  f l a t s  aboct  900-1200 m (3000-4000 f t )  abobe 

mean s e a  l e v e l  (MSL) surrounded by rriountain rznges 1800-2100 m (6000-7000 f t )  

MSL . 



The NTS is  n e a r l y  surrounded by an exc lus ion  a r e a  colJ.ecti.vely named the 

Nellis A i r  Force Range. The Range, p a r t i c u l a r l y  t o  t he  no r th  and e a s t ,  prcvides  

a b u f f e r  zone between t h e  t e s t  a r e a s  and p u b l i c  lands.  This  b u f f e r  zone v a r i e s  

from 24-104 km (15 t o  65 m i )  between t h e  t e s t  a r e a  and land t h a t  i s  open t o  t he  

pub l i c .  Depending upon wind speed and d i r e c t i o n ,  t h i s  provides  a delay of one 

h a l f  hour t o  more than  6 hours  before  any inadve r t en t  r e l e a s e  of  a i rbo rne  radio- 

a c t i v i t y  could pass  over  pub l i c  lands .  

Ecology and Climate 

The c l ima te  of t h e  NTS is  v a r i a b l e ,  p r imar i l y  due t o  a l t i t u d e  and the  

rugged t e r r a i n .  General ly ,  t h e  c l imate  is r e f e r r e d  t o  a s  Cont inenta l  Arid.  

The average annual p r e c i p i t a t i o n  ranges f ro=  about 10 cm (4 i n )  a t  t h e  90C-m 

(3000-ft)  a l t i t u d e  t o  around 25 cm (10 i n )  on t h e  p l a t eaus .  During the  c i n t e r  

months, the  p l a t eaus  may be snow-covered f o r  per iods  of s e v e r a l  days o r  weeks. 

Snow is unccmon on t h e  F l a t s .  'Iemperetures vary consider&bly with e l e v a t i o n ,  

s l o p e ,  and l o c a l  a i r  c u r r e n t s .  I'ne average d a i l y  high (low) temperatcres  a t  

t h e  lower a l t i t u d e s  a r e  around l G O  (-4') C i n  January and 35" (12") C i n  J u l y ,  

wi th  extremes of 44' and -26' C.  Corresponding temperatures on the  p lea teaus  

a r e  2" (-4") C i n  January ar.d 26O (18") C i r  J u l y  witl: exLrcnes of 38O and 

-29" C .  'Ieuiperatures as low as -34' C and h ighe r  than 46" C have been observed 

a t  t h e  BTS. 

The p r e v a i l i n g  d i r e c t i o n  from which winds blow, a s  measured on E, 30-m 

(100-ft)  tower a t  t he  Yucca observa t ion  s t a t i o n ,  is predominantly no r the r ly  

except  f c r  t h e  months of May through August when winds f ron  the  sobth-sovthwcst 

predominate. Because of t h e  preva len t  mour t&in / \a l ley  wirds i n  t he  b a s i n s ,  south 

t o  southwest winds predominate d ~ r i n g  day l igh t  hours during n.cst months. During 

t h e  w in t e r  months soc rhe r ly  w i ~ d s  have only a s l i g h t  e d p ~  over  no r the r ly  w i n d s  

f o r  a few hours  during the  xarmest p a r t  of t he  Gay. These wind p a t t e r n s  r r ~ ~ y  t e  

q u i t e  d i f f e r e n t  a t  o t h e r  l o c ~ t i o n s  on t h e  NTS because of l o c a l  t e r r a i f i  e f f e c t s  

and d i f f e r e n c e s  i n  e l e v a t i o n .  

Geol opy and Hydrology 

Geol.ogica1 and h y < . r ~ l o g i c a l  s t u d i e s  of the  N'IS have been i n  progress  by 

t h e  U. S. Geological  Survey and va r ious  o t h e r  i n s t i t u t i o n s  s i n c e  1956. Because 



of t h i s  cont inuing e f f o r t ,  inc luding  subsur face  s t u d i e s  of numerous bore- 

ho le s ,  t h e  s u r f a c e  and underground geo log ica l  and hydro logica l  c h a r a c t e r i s t i c s  

f o r  much of t h e  NTS are known i n  cons iderable  d e t a i l .  This  is  p a r t i c u l a r l y  

t r u e  f o r  those  a r e a s  i n  which underground experiments a r e  conducted. A com- 

prehensive summary of t h e  geology and hydrology of t he  NTS was publ ished i n  

1968 as Memoir 110 by t h e  Geological  Soc ie ty  of America, e n t i t l e d  "Nevada Test  

S i te . "  

There a r e  two hydro logic  systems on t h e  NTS (Figure 3) .  Groundwater i n  

t h e  Pahute Mesa system t r a v e l s  a t  a r a t e  of from 2.1 - 76 m (7-250 f t )  per  

yea r  t o  t he  south  and southwest toward t h e  Amargosa Desert .  Groundwater i n  

t h e  Ash Meadows system moves beneath t h e  NTS from nor th  t o  south  a t  a r a t e  of 

from 2.1 - 222 m (7-730 f t )  pe r  year .  Carbon-14 analyses  of water  from forma- 

t i o n s  underlying t h e  NTS i n d i c a t e  t h a t  t h e  lower v e l o c i t y  is  n e a r e r  t h e  t r u e  

value.  A t  Mercury Valley,  i n  t h e  extreme southern  p a r t  of t he  NTS, the  ground- 

water  flow d i r e c t i o n  s h i f t s  t o  the  southwest toward t h e  Ash ~ e a d o w s  discharge 

a r e a  i n  t h e  sou theas t e rn  Amargosa Valley. 

Depths t o  water  on t h e  NTS vary from about 100 m (a few hundred f ee t )  

beneath t h e  v a l l e y s  i n  t h e  sou theas t e rn  p a r t  of t h e  s i t e  t o  more than 100 m 

(2000 f t )  beneath the  highlands t o  t he  nor th .  Although much of t h e  v a l l e y  

f i l l  is  s a t u r a t e d ,  downward movement of  water  i s  extremely slow. The primary 

a q u i f e r  i n  t h e s e  formations is  the  Pa leozoic  carbonates .  3 

NEVADA TEST SITE ENVIRONS 

It i s  d i f f i c u l t  t o  gene ra l i ze  on t h e  ecology, l and  use and c l imate  of the 

NTS environs wi th  t h e  except ion  of t h e  very c lose- in  a r eas .  A s  an example, 

w i t h i n  a 320-km (200-mi) r ad ius  w e s t  of t h e  NTS, e l eva t ions  range from below 

s e a  l e v e l  i n  Death Valley,  t o  4420 m (14,495 f t )  above MSL i n  t h e  S i e r r a  

Nevada Range. Addi t iona l ly ,  p a r t s  of two v a l l e y s  of major a g r i c u l t u r a l  impor- 

tance  ( t h e  Owens and San Joaquin)  a r e  included.  The a reas  south  of t h e  NTS 

a r e  more uniform s i n c e  t h e  Mojave Desert  ecosystem comprises most of t h i s  

p o r t i o n  of Nevada, C a l i f o r n i a ,  and Arizona. The a r e a s  e a s t  o f  t h e  NTS a r e  

p r imar i ly  Basin Range Desert  wi th  some of the o l d e r  r i v e r  v a l l e y s ,  such a s  

t h e  Virg in  River  Val ley,  suppor t ing  s m a l l  s c a l e ,  b u t  i n t e n s i v e  farming and 



product ion of a s u r p r i s i n g  v a r i e t y  of crops.  Grazing is  a l s o  common i n  t h i s  

area, p a r t i c u l a r l y  t o  t h e  no r theas t .  The a r e a  no r th  of t he  NTS is  a l s o  Basin 

Range Deser t  where t h e  major a g r i c u l t u r a l - r e l a t e d  a c t i v i t y  is  graz ing  of  both 

c a t t l e  and sheep. Only a r e a s  of minor a g r i c u l t u r a l  importance, p r imar i l y  

a l f a l f a  hay, a r e  found i n  t h i s  p o r t i o n  of t h e  s t a t e  w i th in  a  d i s t ance  of 320 km 

(200 m i ) .  

The only major body of  water  c l o s e  t o  t h e  NTS is  Lake Mead, a  man-made 

l a k e  suppl ied  by water  from the  Colorado River.  Lake Mead i s  the  source  of 

water  f o r  almost a l l  domestic,  r e c r e a t i o n a l ,  and i n d u s t r i a l  purposes i n  t h e  

Las Vegas Valley. Smaller r e s e r v o i r s  and l a k e s  a r e  l oca t ed  i n  t h e  a r ea ;  however, 

they a r e  of l i m i t e d  use,  p r imar i l y  f o r  i r r i g a t i o n  and f o r  s tock  water .  I n  

C a l i f o r n i a ,  t h e  Owens River  and Haiwee Reservoir  feed  i n t o  t h e  Los Angeles Aque- 

duct  and a r e  t h e  major sources  of domestic water  f o r  t h e  Los Angeles a r ea .  

Except f o r  t he  h ighe r  elevations, t h e  summers a r e  ho t  wi th  r e l a t i v e l y  mild 

w in t e r s .  I n  t h e  c lose- in  a r e a s ,  p r e c i p i t a t i o n  r a r e l y  exceeds 25 cm (10 i n )  

even a t  h ighe r  e l eva t ions  and t h e  r e l a t i v e  humidity i s  low. P reva i l i ng  winds 

a r e  from t h e  south-southwest i n  t h e  summer months, whi le  north-northeast  winds 

are o f t e n  found dur ing  t h e  w in t e r  months. Because of t h e  t e r r a i n  and e l e v a t i o n ,  

any g e n e r a l i z a t i o n  of temperature and wind d i r e c t i o n  must be q u a l i f i e d  i n  terms 

of s p e c i f i c  l o c a l i t y .  

Dairy 'farming is  n o t  ex t ens ive  i n  t h e  320-km (200-mi) r ad ius  a r e a  under 

d i scuss ion .  There a r e ,  however, s e v e r a l  Grade A d a i r i e s  l oca t ed  i n  the Moapa 

River  Valley i n  Nevada and i n  t h e  a r e a s  around S t .  George and Cedar Ci ty ,  UT. 

Two s m a l l  d a i r i e s  a r e  l oca t ed  i n  t h e  Alamo, NV a r ea .  Other d a i r i e s  e x i s t  i n  

t h e  Owens Valley i n  CA. It i s  a l s o  f a i r l y  common f o r  remote ranches t o  keep 

one o r  two family milk cows. Within 160 km (100 mi) of t h e  s i t e  t h e r e  a r e  about 

3000 d a i r y  cows. The major i ty  of t h e s e  cows i s  loca t ed  a t  d a i r y  farms southeas t  

' o f  t h e  NTS, one i n  t h e  Moapa Val ley,  s e v e r a l  i n  t h e  Vi rg in  Val ley,  and one near  

Las Vegas. 

Popula t ion  D i s t r i b u t i o n  

With t h e  except ion  of Las Vegas and v i c i n i t y ,  t h e r e  a r e  no major populat ion 

c e n t e r s  w i th in  320 km (200 mi) of t h e  s i t e .  There a r e  only about 500,000 people 



l i v i n g  i n  t h i s  t o t a l  area, about one-half o f  whom l i v e  i n  t h e  Las Vegas 

g r e a t e r  met ropol i tan  area. If t h e  C i ty  of Las Vegas is n o t  considered i n  

determining populat ion dens i ty ,  t h e r e  a r e  about 0 .8  people p e r  km2 (2 people 

p e r  m i 2 )  w i th in  t h e  320-km (200-mi) r ad ius  of t he  NTS Control  Poin t .  For 

comparison, t h e  United S t a t e s  (50 s t a t e s )  has  a populat ion dens i ty  of 21 

people pe r  km2 (57.5 people p e r  mi2) and t h e  o v e r a l l  Nevada average is  1.7 

people per  km2 (4.4 people per mi2). 

The o f f - s i t e  a r eas  w i th in  about 80 km (50 mi) of NTS a r e  predominantly 

r u r a l .  Severa l  s m a l l  communities a r e  l oca t ed  i n  t he  a r e a ,  t he  l a r g e s t  being 

i n  t h e  Pahrump Valley. This  r u r a l  community, wi th  an est imated populat ion of 

about 2000, i s  loca t ed  about 72 km (45 mi) south  of t he  IJTS. The Amargosa 

Farm a r e a  has a populat ion of about 200 and is l o c a t e d  about 50 km (30 mi) 

southwest of  t h e  cen te r  of t he  NTS. The Spring Meadows Farm a r e a  is  a r e l -  

a t i v e l y  new development c o n s i s t i n g  of approximately 10,000 ac re s  with a pop- 

u l a t i o n  of somewhat more than 100. This  a r e a  is about 55 km (35 mi) south- 

southwest of t h e  NTS. The l a r g e s t  town i n  t h e  near  o f f - s i t e  a r e a  i s  Beatty 

wi th  a populat ion of  more than 500 and is  loca t ed  about 65 km (40 mi) t o  t he  

west of t h e  si te.  

I n  t h e  ad jacent  states, the  Mojave Desert  o f  C a l i f o r n i a ,  which inc ludes  

Death Valley National  Monument, l i e s  a long the  southwestern border  of Nevada. 

The populat ion i n  t h e  Monument boundaries v a r i e s  considerably from season t o  

season with fewer than 200 permanent r e s i d e n t s  and t o u r i s t s  i n  the  a r e a  during 

any given per iod  i n  t h e  sununer months. However, during the  win te r  a s  many a s  

2000 t o u r i s t s  and campers can be  i n  t h e  a r e a  on any p a r t i c u l a r  day during the  

major hol iday  periods.  .The l a r g e s t  town i n  t h i s  g e n e r a l ' a r e a  i s  Barstow, 

l oca t ed  265 km (165 mi) south-southwest of t h e  NTS, with a populat ion of over 

12,000. The Owens Valley,  where numerous smal l  towns a r e  l oca t ed ,  l i e s  about 

50 km (30 m i )  w e s t  o f  Death Valley. The l a r g e s t  town i n  Owens Valley is  Bishop, 

l oca t ed  225 km (140 mi) west-northwest of t h e  NTS, with a populat ion of about 

3000. 

The extreme southwestern reg ion  of Utah i s  somewhat more developed than 

t h e  ad jacent  p a r t  of Nevada. The l a r g e s t  town, Cedar Ci ty ,  with a populat ion 



of  approximately 9,000, i s  loca t ed  282 km (175 mi) eas t -nor theas t  of t h e  NTS. 

The nex t  l a r g e s t  community is  S t .  George, l oca t ed  217 km (135 m i )  east of 

t h e  NTS, wi th  a popula t ion  of somewhat more than 7,000. 

The extreme northwestern reg ion  of Arizona is  mostly undeveloped range 

l and  wi th  t h e  except ion  of t h a t  p o r t i o n  i n  t h e  Lake Mead Recreat ion Area. 

Severa l  small re t i rement  communities are found along t h e  Colorado River ,  

p r imar i l y  a t  Lake Moj ave and. Lake Havasu. The l a r g e s t  town i n  t he  a r e a  i s  

Kingman, l oca t ed  280 km (175 mi) sou theas t  of t h e  NTS, wi th  a populat ion of 

about 6,000. 

F igure  4 shows a genera l ized  schematic  of  human populat ion and milk cow 

d i s t r i b u t i o n  by 30' s e c t o r s  from t h e  NTS out  t o  a d i s t ance  of  about 320 km 

(200 mi). F igure  5 shows the  l o c a t i o n s  and genera l  land use of the a r e a s  

mentioned above. 

OTHER TEST SITES 

Table 1 lists t h e  name, d a t e ,  l o c a t i o n ,  y i e l d ,  depth,  and purpose of a l l  

underground nuc l ea r  tests conducted a t  l o c a t i o n s  o the r  than t h e  NTS s i n c e  t h e  

beginning of t e s t i n g  through December 1973. The only t e s t  conducted during 

t h i s  r e p o r t  per iod  w a s  P r o j e c t  Rio Blanco. CER Geonuclear Corporation was 

t h e  c o n t r a c t o r  respons ib le  f o r  t h e  o f f - s i t e  r a d i o l o g i c a l  s a f e t y  program f o r  

t h i s  t e s t ,  and they w i l l  r e p o r t  t h e i r  r e s u l t s  s epa ra t e ly .  

During CY 1973, t he  NERC-LV provided r a d i o l o g i c a l  s u r v e i l l a n c e  f o r  a 

product ion t e s t  o f  t h e  nuclear-s t imulated Gasbuggy n a t u r a l  gas w e l l  l oca t ed  

nea r  Farmington, NM. This  s u r v e i l l a n c e  cons i s t ed  of a e r i a l  and ground environ- 

mental sampling a t  scheduled i n t e r v a l s  be fo re ,  dur ing ,  and a f t e r  t he  product ion 

f l a r i n g .  



SUMMARY AND DOSE. ASSES SMENT 

During 1973 the  monitoring of gamma r a d i a t i o n  l e v e l s  i n  t h e  environs 

of t h e  NTS was continued through t h e  use  of an o f f - s i t e  network of  radia-  

t i o n  dosimeters and garmna-rate recorders .  Concentrations of rad ionucl ides  

in var ious  environmental media were continuously monitored by permanently 

e s t a b l i s h e d  networks of a i r ,  milk, and wa te r  sampling s t a t i o n s .  Before 

each underground nuc lea r  de tona t ion ,  mobile r a d i a t i o n  monitors, equipped 

wi th  r a d i a t i o n  monitoring instruments  and sampling equipnent , were on . 

standby i n  o f f - s i t e  l oca t ions  t o  respond t o  an acc iden ta l  r e l e a s e  of a i r -  

borne r a d i o a c t i v i t y .  

During t h i s  r e p o r t i n g  per iod ,  a t o t a l  of 322 C i  of gaseous r a d i o a c t i v i t y ,  

p r imar i ly  radioxenon, was r e l ea sed  i n t o  the  atmosphere a t  t he  NTS. Due 

t o  the  r e l a t i v e l y  low q u a n t i t y ,  t h e  vary ing  l o c a t i o n  of r e l e a s e  and the 

discont inuous r e l e a s e  r a t e  of t h e  r a d i o a c t i v i t y ,  an e s t ima te  of t h e  radia-  

t i o n  dose t o  off-NTS populat ions i n  accordance wi th  t h e  AEC Manual, Chapter 

0513, was n o t  made. However, t h e  concent ra t ion  of each s p e c i f i c  radio- 

nuc l ide  de tec ted  and a t t r i b u t a b l e  t o  t e s t  opera t ions  was compared t o  t h e  

appropr ia te  Concentration Guide of t h e  AEC Manual, Chapter 0524. 

The only off-NTS i n d i c a t i o n  of r a d i o a c t i v i t y  t h a t  was a t t r i b u t a b l e  t o  

t e s t  ope ra t ions  was found i n  t h e  Noble Gas and Tr i t i um Surve i l lance  Network. 

Concent r a t i o n s  of radioxenon g r e a t e r  than the  minimum de tec t ab le  concen- 

t r a t i o n  (MDC) of 2 x 10'12 ~ C i / m l  were de t ec t ed  during the  year  a t  a l l  

noble gas and t r i t i u m  a i r  sampling loca t ions  except Beat ty,  and Tonopah, 

NV. The radioxenon, i d e n t i f i e d  as 1 3 3 ~ e ,  was de t ec t ed  off-NTS on a few 

occasions wi th  concent ra t ions  a s  high a s  3.0 x 10-11 uCi/ml a t  Diablo, NV. 

The h ighes t  1 3 3 ~ e  concent ra t ions ,  which were de t ec t ed  i n  October, a r e  con- 

s i d e r e d  t o  be anomalies s i n c e  t h e r e  was no known r e l e a s e  of r a d i o a c t i v i t y  

i n  the q u a n t i t y  t h a t  would have been requi red  t o  cause the  magnitude of 

1 3 3 ~ e  concent ra t ions  which were de tec ted  i n  t h e  of f  -NTS area.  A t  each 

l o c a t i o n  t h e  1 3 3 ~ e  concentra , t ion,  when averaged ove r  the  t o t a l  sampling 

t imes f o r  t h e  year ,  was l e s s  than 0.003% of t h e  Concentration Guide f o r  

t h i s  nuc l ide ,  which i s  1 x 10" pCi/ml f o r  a s u i t a b l e  sample of a popula- 

t i o n  i n  an uncont ro l led  a r e a  and 1 x 10'~ pCi/ml f o r  r a d i a t i o n  workers, a s  

s p e c i f i e d  by t h e  AEC Manual, Chapter 0 5 2 4 . ~  No 3~ i n  the  forms HT and 

HTO above expected background was de tec ted  i n  of f-NTS a reas  ; however, 



CH3T was-de tec ted ,  on occasions,  a t  a l l  s t a t i o n s  except Death Val ley 

Junc t ion ,  CA. The t o t a l  of t h e  average 3~ concent ra t ions  (HTO +HT +CH3T) 

f o r  each loca t ion  was less than  0.02% of t h e  Concentration Guide f o r  a 

s u i t a b l e  sample of a populat ion i n  an uncont ro l led  a r e a  o r  t o  a radia-  

t i o n  worker. These Concentrat ion Guides a r e  6.7 x 10" u C i / m l ,  and 

6 x 10'~ p C i / m l ,  r espec t ive ly .  No connection between NTS a c t i v i t i e s  and 

t h e  presence of CH3T could be e s t ab l i shed .  

The Long-Term Hydrological  Monitoring Program, used f o r  . the monitoring 

of rad ionucl ide  concent ra t ions  i n  sur f  ace and ground waters  which a r e  down- 

grad ien t  from s i t e s  of p a s t  underground nuc l ea r  detonat ions,  was begun f o r  

the NTS. Nine s t a t i o n s  were s e l e c t e d  f o r  monthly sampling nea r  nuc l ea r  t e s t  

areas, a t  domestic s u p p l i e s ,  and a t  po in t s  where' g romd wa te r  e x i t s  t h e  NTS. 

In  add i t i on ,  1 8  s i t e s  were s e l e c t e d  f o r  semi-annual sampling t o  repre- 

s e n t  i n d u s t r i a l  s u p p l i e s ,  domestic s u p p l i e s  off-NTS, and po in t s  i n  pos s ib l e  

bu t  less probable  NTS e x i t  f low p a t t e r n s .  Severa l  of these  w e l l s  were 

s e l e c t e d  a s  c o n t r o l s  f o r  t h e  t o t a l  NTS program. The n ine  monthly s t a t i o n s  

and 1 8  of t h e  semi-annual s t a t i o n s  were sampled i n  1973. No r a d i o a c t i v i t y  

r e l a t e d  t o  NTS nuc l ea r  t e s t i n g  was de t ec t ed  i n  any of t h e  samples. 

T r i t i um was de t ec t ed  i n  samples from two NTS w e l l s  which were contaminated 

by previous rad ionucl ide  experiments using 3~ a s  a t r a c e r .  However, t h e  

3~ concent ra t ion  i n  t he se  we l l s  was s o  low a s  t o  be d e t e c t a b l e  only by 

s p e c i a l  a n a l y t i c a l  techniques.  

S o i l  sampling f o r  2 3 9 ~ u  was continued i n  t h e  a r ea s  surrounding t h e  

NTS. Concent r a t i o n s  of 3 9 ~ u  above t h e  l e v e l s  expected from world-wide 

f a l l o u t  were found i n  t h e  f i r s t  few cent imeters  of the s o i l  a t  s e v e r a l  

l o c a t i o n s  around t h e  NTS. A r e t r o s p e c t i v e  s tudy  of 2 3 9 ~ u  on f i l t e r s  

c o l l e c t e d  from a i r  samplers opera ted  nea r  t he  NTS and on f i l t e r s  c o l l e c t e d  

from a i r  samplers a t  e i g h t  d i s t a n t  l o c a t i o n s  i n  t h e  western United S t a t e s ,  

showed no  s i g n i f i c a n t  d i f f e r e n c e  i n  3 9 ~ u  concent ra t ions .  

A s  p a r t  of a r o u t i n e  program s t a r t e d  i n  1971, 87 people from a reas  

ad jacent  t o  t h e  NTS were brought t o  the  NERC-LV f o r  whole-body count ing 



and u r i n a l y s i s  during CY 19 73. The rad ionucl ides  eva lua ted  w e r e  l3  7 ~ s ,  

3 ~ ,  and 238-239~u.  The average 1 3 7 ~ s  concentrat ion i n  t h e  r e s iden t s  was 

1.8 x 10'~ pCi/g of body weight.' The average concentrat ion of 3~ i n  

u r i n e  w a s  5.2 x u ~ i / m l .  No 2 3 8 - 2 3 9 ~ u  w a s  de tec ted ,  

A t  o t h e r  l o c a t i o n s  i n  t h e  Continental  United S t a t e s  where underground 

nuc l ea r  t e s t s  had been conducted i n  previous years ,  t h e  Long-Term 

Hydrological  l b n i t o r i n g  Program was continued. A l l  r a d i o a c t i v i t y  con- 

cen t r a t i ons  i n  t h e  samples c o l l e c t e d  during the  year  were a t  n a t u r a l  

background l e v e l s  with t he  except ion of samples co l l ec t ed  a t  USGS Wells 

Nos. 4 and 8 a t  t h e  P r o j e c t  Gnome s i t e  and t h e  HT-2M W e l l  a t  t h e  Pro- 

j e c t  Dribble/Miracle Play s i te .  The USGS wel l s  a t  t h e  Gnome s i t e  were 

used i n  a U. S. Geological Survey r ad ioac t ive  t r a c e r  study i n  1963, a t  

which time 1 3 7 ~ s ,  1311, 9 0 ~ r ,  and 3~ were i n j e c t e d  i n t o  Well No. 8, and 

wa te r  was pumped out  of Well No. 4. A s  a r e s u l t ,  high l e v e l s  of 3~ and 

9 0 ~ r  were observed i n  samples c o l l e c t e d  from both w e l l s ,  whi le  13'cs 

was de tec ted  only i n  t h e  sample from Well No. 8. The h ighes t  concentra- 

t i o n  of r a d i o a c t i v i t y  was f o r  9 0 ~ r ,  which was 50 times i t s  Concentra- 

t i o n  Guide of 3 x 10'~ pCi/ml f o r  exposure t o  an ind iv idua l  i n  an 

uncont ro l led  area.  The HT-2M Well a t  t he  Dribble s i t e  was d r i l l e d  about 

90 m (300 f t )  from another  we l l  i n  which 1280 m3 (338,000 ga l lons)  of 

r ad ioac t ive  waste were i n j e c t e d  during CY 1965. During t h i s  r epo r t  

per iod ,  e l eva t ed  l e v e l s  of 3~ were de t ec t ed  i n  the  we l l ,  t he  h ighes t  

be ing  8.0 x pCi/ml, which i s  2.7% of t h e  Concentration Guide f o r  

3 ~ ,  f o r  an i nd iv idua l  i n  an uncont ro l led  area.  The r a d i o a c t i v i t y  con- 

c e n t r a t i o n s  i n  a l l  o t h e r  samples c o l l e c t e d  from wel l s  nea r  the  con- 

taminated w e l l s  were r ep re sen t a t i ve  of normal background l e v e l s .  A l l  

of t h e  contaminated we l l s  a r e  w i th in  a locked, fenced a r ea .  

Ae r i a l  s u r v e i l l a n c e  and ground monitoring were provided f o r  the 

P r o j e c t  Gasbuggy product ion t e s t  of 1973, dur ing  which about 49 C i  of 



3~ and 5- C i  of 8 5 ~ r  were re l eased  i n  n a t u r a l  gas f l a r e d  over t he  per iod  

May 15 t o  November 6.  Various environmental media w e r e  sampled a t  in-  

t e r v a l s  be fo re ,  during, and af ter t h e  test. The maximum concentrat ion 

of 3~ t h a t  was de tec ted  i n  a e r i a l  o r  ground samples of atmospheric 

moisture w a s  3.0 x 10''' u C i / m l  of air. This  sample was c o l l e c t e d  on the  

ground on July 25, 1973, 0.5 km (0.3 mi) a t  341' from the  f l a r e  s tack .  

This  concent ra t ion  i s  about 0.4% of the Concentration Guide of 6 . 6  x 10"~ 

pCi/ml  f o r  a s u i t a b l e  populat ion 'sample i n  an uncont ro l led  a rea .  No 8 5 ~ r  

was de tec ted  i n  samples c o l l e c t e d  on the  ground; however, i t  w a s  de tec ted  

i n  one a i r c r a f t  sample co l l ec t ed  on J u l y  25 a t  an e l eva t ion  of 2250 m 

(7400 f t )  above mean s e a  l e v e l ,  1 .8 k m  (1.1 m i )  a t  260' from the  f l a r e  

s t ack .  This sample had a 8 5 ~ r  concent ra t ion  of 2.1 x 10'11 uCi/ml, which 

is 0.028% of t he  Concentration Guide which i s  1.0 x lo-' u C i / m l  f o r  a 

s u i t a b l e  populat ion sample i n  an uncont ro l led  a rea .  Concentrations of 3~ 

above ambient background w e r e  found i n  t he  moisture of vege ta t ion  and s o i l  

samples; however, the  vege ta t ion  was n o t  used f o r  human consumption, no r  

was t h e  s o i l  used f o r  f  ood-crop r a i s i n g .  



- MONITORING DATA COLLECTION, ANALYSIS, AND EVALUATION 

NEVADA TEST SITE 

The major po r t ion  of t h e  o f f - s i t e  r a d i o l o g i c a l  s a f e t y  program f o r  the 

NTS c o n s i s t s  of continuously-operated dosimetry and a i r  sampling networks and 

scheduled c o l l e c t i o n s  of milk and water  samples a t  l oca t ions  surrounding t h e  

NTS. Before each nuc lea r  t e s t ,  mobile monitors were pos i t ioned  i n  t he  o f f -  

s i t e  a reas  mst l i k e l y  t o  be a f f e c t e d  by a poss ib l e  r e l e a s e  of r ad ioac t ive  

ma te r i a l .  These monitors,  equipped wi th  r a d i a t i o n  survey ins t ruments ,  gamma- 

r a t e  recorders ,  t h e m l u m i n e s c e n t  dosimeters ,  p o r t a b l e  air samplers ,  and 

supp l i e s  f o r  c o l l e c t i n g  environmental samples, were prepared t o  conduct a 

monitoring program d i r e c t e d  from t h e  NTS Control Poin t  by two-way rad io  com- 

munications. I n  add i t i on ,  f o r  each event  a t  the NTS, a U. S.  Air Force air- 

c r a f t  wi th  two Reynolds E l e c t r i c a l  and Engineering Co . , monitors equipped 

wi th  p o r t  ab le  r a d i a t i o n  survey ins t ruments  was a i rbo rne  nea r  su r f ace  ground 

zero  t o  de t ec t  and t r a c k  any r ad ioac t ive  e f f l u e n t .  Two NERC-LV cloud sampling 

and t r ack ing  a i r c r a f t  w e r e  a l s o  a v a i l a b l e  t o  ob ta in  in-cloud samples, assess  

t o t a l  cloud volume, and provide long-range t r ack ing  i n  t h e  event  of a r e l e a s e  

of a i rbo rne  r a d i o a c t i v i t y .  

I n  add i t i on ,  o the r  s u r v e i l l a n c e  programs were conducted. To a s ses s  t h e  

plutonium content  of s o i l  i n  a r e a s  surrounding t h e  NTS, a s p e c i a l  s o i l  s tudy 

was continued. Also, t he  Long-Term Hydrological Monitoring Program, which 

was begun f o r  a l l  off-NTS underground t e s t  a r eas  during CY 1972 t o  monitor 

r a d i o a c t i v i t y  concent ra t ions  i n  w e l l s ,  sp r ings ,  and su r f  ace waters  down- 

g rad ien t  of underground wa te r  i n  a r e a s  where underground nuc lea r  de tona t ions  

have been conducted, w a s  expanded t o  inc lude  t h e  NTS. 

During t h i s  r epo r t  per iod ,  only underground nuc lea r  de tona t ions  were 

conducted. A l l  de tona t ions  were contained except  f o r  i n f r e q i e n t  r e l ea ses  of 

small concent ra t ions  of gaseous r a d i o a c t i v i t y ,  p r imar i ly  radioxenon. 

According t o  information provided by t h e  Nevada Operations Of f i ce ,  AEC,  

t h e  fo l lowing  e f f l u e n t s  were repor ted  f o r  CY 1973: ' 



Isotope - Curies Isotope Curies Isotope Curies 

1 3  3& 287.01 137% 0.34 13 3I 0.12 

3m~e  9.07 138& 3.73 1351 0.02 

5 ~ e  17.84 1311 0.03 8 ~ r  0.73 

35%e 1.40 1 321 0.05 8 9 ~ r  0.03 

3~ 1.27 

Air Surveil lance Network 

The Air Surveil lance Network, operated by t h e  NERC-LV, consisted of 49 

a c t i v e  and 72 standby sampling s t a t i o n s  located  i n  21 western s t a t e s  (Figure 6 ) .  

Samples of airborne p a r t i c u l a t e s  w e r e  co l l ec ted  continuously a t  each a c t i v e  

s t a t i o n  on 10-cm (4-in) diameter g lass- f iber  f i l t e r s  a t  a flow r a t e  of about 

350 m3 of air  pe r  day. Normally samples were co l l ec ted  over a 24-hour period 

u n t i l  October 1, 1973; however, a t  s e v e r a l  s t a t i o n s  operated by s t a t e  heal th 

department and o ther  government agency personnel, samples w e r e  n o t  always col- 

l e c t e d  on weekends and holidays, which resu l t ed  i n  48- o r  72-hour samples. 

Beginning October 1, the co l l ec t ion  frequency was changed from dai ly  t o  three  

times weekly, r e s u l t i n g  i n  48- o r  72-hour samples from a l l  a c t i v e  s t a t i o n s .  

Activated charcoal ca r t r idges  d i r e c t l y  behind the  g lass- f iber  f i l t e r s  were 

used regular ly  f o r  t h e  co l l ec t ion  of gaseous radioiodines a t  22 s t a t i o n s  near  

the NTS. Charcoal ca r t r idges  could have been added to  a l l  o t h e r  s t a t i o n s  by 

n o t i f i c a t i o n  by telephone. A l l  a i r  samples were mailed t o  the  NERC-LV. 

Specia l  r e t r i e v a l  could have been arranged a t  s e l e c t e d  locat ions  i n  the  event 

a r e l ease  of r ad ioac t iv i ty  was bel ieved t o  have occurred. 

The g lass- f iber  f i l t e r s  were counted 5 minutes f o r  gross b e t a  radio- 

a c t i v i t y  a s  soon a s  they w e r e  received and again f o r  5 minutes a t  5 and 12 

days a f t e r  col lec t ion .  Samples were counted on gas flow proport ional  

counters  ca l ib ra ted  over a range of be ta  energies from 0.1 t o  1.8 MeV. A 

conservative e f f i c i ency  value of 45% (corresponding t o  an average maximum 

b e t a  energy of 0.5 MeV) was used f o r  da ta  conversion. The 5- and 12-day 

counts w e r e  used t o  ext rapola te  gross b e t a  concentrations t o  mid-collection 

time f o r  report ing.  Extrapolat ion was accomplished by computer programs 

and'was rout ine ly  based on a T - ~ ~ ~  decay. 



Those f i l t e r s  wi th  a t o t a l  g ross  b e t a  r a d i o a c t i v i t y  of 500 cpm o r  g r e a t e r  

were gamma scanned on a 10- by 10-cm (4- by 4- in) sodium iodide  (Tl-act ivated)  

c r y s t a l  connected t o  a 400-channel g a m a  spectrometer .  Ind iv idua l  radio- 

nuc l ides  were q u a n t i t a t e d  from spectrometer  da t a  by use of a computer mat r ix  

technique. I f  f r e s h  f i s s i o n  products  r e l a t e d  t o  an NTS event  had been de tec ted ,  

radiochemical  analyses  f o r  rad ionucl ides  such as 89-90~r  and 38-2 3 9 ~ u  would 

have been made on s e l e c t e d  f i l t e r s .  A l l  charcoal  c a r t r i d g e s  were counted 10 

minutes wi th  a gamma spectronreter. Data from those c a r t r i d g e s  having a n e t  

gross  gamma count r a t e  g r e a t e r  than 300 cpm were analyzed by computer mat r ix  

technique t o  q u a n t i t a t e  i n d i v i d u a l  radionucl ides .  Addi t iona l  a n a l y t i c a l  i n f o r -  

mation can be found i n  Table 2.  

Gross b e t a  averages f o r  t h e  yea r ,  with t h e  except ion of July, were about 

1 x 10-l3 p C i / d  throughout the Network. The J u l y  averages were s l i g h t l y  

h igher ,  wi th  t h e  h i g h e s t  concent ra t ion  f o r  t he  year  be ing  4.5 x 10-l2 pCi/ml 

on a sample c o l l e c t e d  a t  Monticel lo ,  UT, on J u l y  11. 

From gamma spectrometry r e s u l t s ,  lo3ku was i d e n t i f i e d  on one sample co l -  

l e c t e d  a t  Idaho F a l l s ,  I D ,  on J u l y  11 and 9 5 ~ r ,  l o 3 ~ u ,  and 141ce were i d e n t i f i e d  

on one sample c o l l e c t e d  a t  Las Vegas, NV, on J u l y  23. A l l  concent ra t ions  were 

less than the  minimum r e p o r t i n g  concent ra t ion ,  which i s  1 x 10'13 ~ C i l m l .  I n  

add i t i on ,  a s p e c i a l  s tudy  was made of composited air f i l t e r s  r ep re sen t ing  

120,000 m3 of sampled air .  Gamma spectrometer  a n a l y s i s  of t he  composited f i l t e r s  

i n d i c a t e d  the  presence of t r a c e  amounts of 9 5 ~ r ,  141Ce, l o 3 ~ u ,  and 1 4 0 ~ a - ~ a .  

The concent ra t ions  of  t h e s e  nuc l ides  were too  low f o r  d e f i n i t e  q u a n t i f i c a t i o n .  

Since no o t h e r  ganrma-emitting rad ionucl ides  were i d e n t i f i e d  i n  a i r  samples 

during t h e  y e a r  and s l i g h t  i nc reases  i n  gross  b e t a  concent ra t ions  were observed 

at most s t a t i o n s  during J u l y ,  these  rad ionucl ides  were a t t r i b u t e d  t o  the  June 

26, 1973 n u c l e a r  de tona t ion  by t h e  People 's  Republic of China. 

Noble G a s  and Tr i t i um Surve i l l ance  Network 

The Noble Gas and Tr i t i um Surve i l l ance  Network, which w a s  f i r s t  e s t a b l i s h e d  

i n  March and Apr i l  1972, w a s  opera ted  t o  monitor t h e  a i rbo rne  l e v e l s  of radio-  

krypton,  radioxenon, and 3~ i n  t h e  forms HT, HTO, and CH3T. This  Network 

cons i s t ed  of f o u r  on-?ITS and s i x  off -NTS s t a t i o n s  (Figure 7 ) .  



The -equipment used i n  t h i s  Network comprises two s e p a r a t e  systems: a 

compressed air sampler and a molecular s i e v e  sampler. The compressed a i r  

equipment cont inuously samples a i r  which i s  then  compressed and s t o r e d  over  

7-day per iods  i n  two p re s su re  tanks  , which toge the r  ho ld  approximately two 

cubic  meters of a i r  a t  a t m s ~ h e r i c  pressure .  The b o t t l e s  a r e  replaced weekly 

and re turned  t o  t h e  NERC-LV where t h e  contents  of one p re s su re  tank  a r e  

analyzed f o r  8 5 ~ r ,  radioxenons, and CH3T by gas chromatography and l i q u i d  

s c i n t i l l a t i o n  techniques descr ibed by Stevenson and ~ o h n s  . The minimum 

d e t e c t a b l e  concent ra t ions  f o r  8 5 ~ r ,  any of t h e  radioxenons, and CH3T a r e  

5 x 10-l2 uci/ml, 2 x pci lml,  and 5 x 10'12 ~ C i l m l ,  r espec t ive ly .  

The molecular s i e v e  equipment samples a i r  through a f i l t e r  t o  remove 

p a r t i c u l a t e  matter and then through a 75 mm by 200 mm column conta in ing  600 

grams of 13X molecular s i e v e  t o  remove atmospheric moisture.  Trit ium-free 

hydrogen c a r r i e r  i s  added t o  the  air stream by t h e  e l e c t r o l y s i s  of an t ique  

water .  The air is  then passed through another  molecular s i e v e  column t o  

remove any wa te r  from t h e  e l e c t r o l y s i s  c e l l .  The dry a i r  with added hydrogen 

is  then passed through a 13X molecular sieve on which i s  deposi ted a 

pal ladium c a t a l y s t .  The hydrogen, converted t o  wa te r  by t h e  c a t a l y s t ,  i s  

' i m m d i a t e l y  adsorbed on t h e  molecular s ieve .  The volume of a i r  passed 

through the  sampler is measured by a dry gas meter. Approximately f i v e  

cubic  meters of a i r  a r e  passed through each sampler ove r  a 7-day sampling 

per iod .  Af te r  each sampler i s  re turned  t o  the  l abo ra to ry ,  t he  f i r s t  molecular 

s i e v e  column and t h e  c a t a l y t i c  column a r e  degassed. The wa te r  from each 

column i s  then d i s t i l l e d  and counted 200 minutes f o r  3~ by t h e  l i q u i d  

s c i n t i l l a t i o n  techniques descr ibed  by Johns. A complete s u m a r v  of a n a l y t i c a l  

procedures i s  l i s t e d  i n  Table 2 .  From the  3~ content  of at~:lor;pheric moisture 

adsorbed on t h e  f i r s t  molecular s i e v e  column, the  concent r a t i ons  of HM i n  

p C i / m l  of recovered moisture and as HTO i n  pCi/ml  of sampled a i r  a r e  

determined. The concent ra t ion  of 3~~ i n  t he  form of f r e e  hydrogen is deter-  

mined from the  3~ c o l l e c t e d  on the  l a s t  molecular s i e v e  column. 

Table 3 summarizes t h e  r e s u l t s  of t h i s  Network by l i s t i n g  t h e  maximum, 

minimum, and average concent ra t ions  f o r  8 5 ~ r ,  t o t a l  Xe o r  1 3 3 ~ e ,  CH3T, HTO, 

and HT. The annual average concent ra t ions  f o r  each s t a t i o n  were ca l cu la t ed  



over  the- t ime per iod  sampled assuming t h a t  a l l  values  l e s s  than the  minimum 

d e t e c t a b l e  concentrat ion (MDC) were equa l  t o  t h e  MDC. I n  t h e  t a b l e ,  a l l  

concentrat ions of 8 5 ~ r ,  Xe o r  1 3 3 ~ e ,  CH3T, HTO and HT a r e  expressed i n  the  

same u n i t ,  pCi p e r  m l  of air. Since t h e  moisture content  of a i r  can vary 

considerably and thereby a f f e c t  t h e  concentrat ion of HTO i n  a i r ,  t h e  3~ ' 

concent ra t ion  i n  pCi/ml of atmospheric moisture i s  a l s o  given i n  the t a b l e  

as a m r e  r e l i a b l e  i n d i c a t o r  of when background concentrat ions of HTO a r e  

exceeded. 

A s  shown by Table 3, t he  maximum and average 8 5 ~ r  l e v e l s  at a l l  s t a t i o n s  

were e s s e n t i a l l y  the  same except f o r  the  BJY S t a t i o n  loca t ed  on-NTS, where 

t h e  concentrat ion range of 1.3 x 10'11 t o  2.7 x 10'11 p C i / m l  and t h e  average 

concentrat ion of 1 . 8  x 10-l1 u C i / m l  were h ighe r  than those f o r  a l l  other  s t a t i o n s .  

The next  h ighes t  range w a s  1 .2  x 1 0 - l ~  to 2.2 x 10-l1 pCi/ml, and all o t h e r  

average concentrat ions were 1.6 x 10'11 p ~ i / m l .  The h ighe r  average concen- 

t r a t i o n  of 8 5 ~ r  a t  BJY was a t t r i b u t e d  t o  seepage of gases from under- 

ground nuc l ea r  t e s t s  at NTS . 
The averages and ranges i n  concentrat ions of HTO and HT f o r  t h e  yea r  

were genera l ly  the  same a t  a l l  l oca t ions  except f o r  t h e  on-ITS s t a t i o n s  a t  

BJY and Area 12,  where concentrat ions were s i g n i f i c a n t l y  h ighe r  than those 

f o r  a l l  o the r  s t a t i o n s .  The h ighe r  concentrat ions were assoc ia ted  with NTS 

opera t ions .  

The t o t a l  of  t h e  average t r i t i u m  concentrat ions (HTO+HT+CH3T) f o r  e i t h e r  

of t h e s e  s t a t i o n s  was l e s s  than 0.02% of t he  Concentration Guide f o r  3~ i n  

air ,  which is  5 x 10'~ p C i / m l  f o r  an exposure t o  a r a d i a t i o n  worker. Con- 

cen t r a t i ons  of 3~ i n  t h e  form CH3T were occas iona l ly  de tec ted  above the  MDC 

of 5 x 10-l2 p C i / m l  a t  all s t a t i o n s  except Death Valley J c t . ,  CA. The h ighes t  

concent ra t ion  w a s  1 .8  x 10'11 pCi/ml i n  a sample c o l l e c t e d  a t  Tonopah, NV. 

No d e f i n i t e  c o r r e l a t i o n  between CH3T andNTS t e s t i n g  could be made. . 

Concentrat ions of radioxenon g r e a t e r  than the  MDC of 2 x 10'12 p C i / m l  

were de tec ted  during t h e  yea r  a t  a l l  sampling loca t ions  except Beatty , ' and 

Tonopah, NV. The radioxenon, i d e n t i f i e d  a s  1 3 3 ~ e ,  was de tec ted  on a few 



occasions wi th  concent ra t ions  a s  high a s  2.4 x 10-lo u C i / m l  at t h e  on-NTS 

s t a t i o n  at BJY, and 3.0 x 10-11 pCi/ml at Diablo, NV i n  t h e  off-NTS a rea .  

The h ighes t  3 3 ~ e  concent ra t ions ,  which were de tec ted  i n  October, a r e  con- 

s i d e r e d  t o  be anomalies, s i n c e  t h e r e  w a s  no known r e l e a s e  of r a d i o a c t i v i t y  

i n  t h e  quan t i t y  t h a t  would have been r equ i r ed  t o  cause t h e  magnitude of 

1 3 3 ~ e  concent ra t ions  which were de t ec t ed  i n  t h e  off-NTS area. A t  each 

l o c a t i o n  the  133Xe concent ra t ion ,  when averaged ove r  t h e  t o t a l  sampling times 

f o r  t he  year ,  w a s  l e s s  t han  0.003% of t h e  Concentration Guide f o r  t h i s  nuc l ide ,  

which is  1 x 10'~ pCi /ml  . f o r  a s u i t a b l e  sample of a populat ion i n  an uncon- 
. . 

t r o l l e d  a rea ,  and 1 x 10'' p C i / m l  f o r  r a d i a t i o n  workers. 

Dosimetry Network 

The Dosimetry Network dur ing  19 73 cons is ted  of 6 7 l oca t ions  surrounding 

t h e  NTS which were monitored cont inuously wi th  t h e m l u m i n e s c e n t  dosimeters  

(TLD's) . The l o c a t i o n s ,  shown i n  F igure  8, a r e  a l l  w i t h i n  a 300-mile r ad ius  

of t h e  cen te r  of t h e  NTS and inc lude  both inhab i t ed  and uninhabi ted l o c a t i o n s .  

Each Dosimetry Network s t a t i o n  was equipped wi th  t h r e e  EGdG Model TL-12 

dosimeters,  which were exchanged monthly u n t i l  September when q u a r t e r l y  

exchange was i n i t i a t e d .  Within t h e  gene ra l  a r ea  cove red by t h e  dosimetry 

s t a t i o n s ,  52 of f - s i t e  r e s i d e n t s  r o u t i n e l y  wore one TLD each. These dosimeters 

were exchanged a t  t h e  same time a s  t h e  s t a t i o n  dosimeters .  

The TL-12 dosimeter has  an i n t e r n a l  o r  self-background exposure r a t e  

equ iva l en t  t o  0.7 m ~ / d ,  which limits i ts  minimum de tec t ion  at t h e  95% con- 

f i dence  l e v e l  t o  about 5 mR f o r  a 30-day measurement pe r iod ,  and 15 mR f o r  

a 90-day measurement. A l l  TLD readings were co r r ec t ed  t o  1 3 7 ~ s  gamma- 

roentgen-equivalent va lues  according t o  i n d i v i d u a l  TLD c a l i b r a t i o n  f a c t o r s .  

For purposes of t h i s  r e p o r t ,  t he se  u n i t s  of exposure were considered t o  be 

equ iva l en t  t o  whole-body gamma doses i n  mrems. 

A f t e r  app ropr i a t e  co r r ec t ions  were made f o r  the background exposure 

accumulated during shipment between the  l abo ra to ry  and the  monitoring 

l o c a t i o n s ,  t h e  t h r e e  TLD readings  were averaged. The average exposure 

va lue  f o r  each monitoring pe r iod  and s t a t i o n  was s t a t i s t i c a l l y  compared t o  

va lues  from the  pas t  twelve months t o  determine whether the  new value was 



w i t h i n  -the range of environmental background, o r  s i g n i f i c a n t l y  g r e a t e r  than  

background. Those which were g r e a t e r  l e d  t o  ca l cu la t ions  of n e t  exposures,  

whereas those which were n o t  w e r e  pooled wi th  t h e  background d a t a  bank, and 

t h e  o l d e s t  va lue  i n  t h e  d a t a  bank was de le ted .  Values which were s t a t i s t i c a l l y  

lower than t h e  background range were a l s o  de l e t ed  and considered i n v a l i d  

measurements. Each of t h e  52 personnel  dosimeter r e s u l t s  was compared t o  t h e  

background value of t h e  n e a r e s t  s t a t i o n .  

No doses d i r e c t l y  a t t r i b u t a b l e  t o  nuc lea r  t e s t i n g  were de t ec t ed  by t h e  

dosimetry network during 1973. Table 4 l is ts  t h e  maximum, minimum, and 

average dose equiva len t  r a t e  (mremld) measured a t  each s t a t i o n  i n  t h e  network 

during 1973. The maximum and minimum dose r a t e s  were s e l e c t e d  from dose r a t e s  

determined from t h e  exposures (mrem) f o r  each monitoring pe r iod  divided by 

t h e  number of days i n  t h e  exposure per iod ,  which was about 50 days f o r  t h e  

months January through September, depending on minor v a r i a t i o n  i n  schedules ,  

and about 90 days f o r  October through December. The annual average dose r a t e  

f o r  each s t a t i o n  was ca l cu la t ed  by adding t h e  products  of t h e  rdonthly dose 

equiva len t  values (mrem) and t h e  exposure per iod ,  m d  d iv id ing  t h e  sum of t he  

products  by the number of days i n  t h e  pe r iod  l i s t e d  i n  Table 4 f o r  each 

s t a t i o n .  The annual  ad jus t ed  background dose was derived from t h e  product of 

t h e  average dose r a t e  and 365 days. As  shown by t h i s  t a b l e ,  t h e  average 

annual  s t a t i o n  background doses ranged from 80 t o  180 mrenl wi th  a network 

average of 123  mrem/a. The range and average f o r  t he  network a r e  s i m i l a r  t o  

last y e a r ' s  range of 84-200 mrem and average of 144 mremla. Among the  52 

o f f - s i t e  r e s i d e n t s  who wore dosimeters  cont inuously,  no personnel  doses 

g r e a t e r  than background were a t t r i b u t e d  t o  n u c l e a r  t e s t i n g  at NTS. The 

term "background" as used i n  t h i s  contex t ,  r e f e r s  t o  n a t u r a l l y  occurr ing  

r a d i o a c t i v i t y ,  p lus  a con t r ibu t ion  from r e s i d u a l  man-rade f i s s i o n  products .  

Figure 9 shows an i s o p l e t h  p l o t  of 1973 TLD exposures.  This  p l o t  i nd i -  

c a t e s  t h a t  t h e  h ighe r  exposures are i n  those  a reas  which were downwind of p a s t  

r e l e a s e s  of r a d i o a c t i v i t y  from t h e  NTS during both atmospheric and under- 

ground t e s t i n g .  The p l o t  a l s o  would t end  t o  support  t h e  conclusion t h a t  

t h e  exposures t o  t he  sou theas t  of NTS a r e  c l o s e r  t o  "normal" background 

s i n c e  only a few r e l e a s e s  of e f f l u e n t  from NTS have eve r  followed a south- 

e a s t  t r a j e c t o r y .  



Severa l  TLD' s showed unexplained readings during 19  73. These va lues ,  

l i s t e d  i n  Table 5 were considered t o  b e  anomalous readings;  n o t  t r u e  gamma 

exposures.  Surveys of t h e  l o c a t i o n s  and in te rv iews  with t h e  i nd iv idua l s  

involved i d e n t i f i e d  no sources  of r a d i a t i o n  which would produce t h e  exposures.  

It is  suspected t h a t  t h e  high anomalies a r e  due t o  phenomena a s soc i a t ed  with 

t h e  TLD' s r a t h e r  than  some e x t e r n a l  r a d i a t i o n  source;  however, t h e  product ion 

of anomalies has  never  been reproduced i n  t h e  Laboratory. 

A network of 30 s t a t i o n a r y  gamna rate recorders  placed at s e l e c t e d  a i r  

sampling l o c a t i o n s  was used t o  document gamma exposure r a t e s  a t  f i x e d  loca t ions  

(Figure 6) .  This  recorder ,  designated as the  LSI recorder ,  u se s  a 2.5-by 

30.5-cm (I-by 12- inch)  cons tan t -cur ren t  i o n i z a t i o n  chamber d e t e c t o r  f i l l e d  

wi th  methane, and ope ra t e s  on e i t h e r  110 V a .c .  o r  on a se l f -conta ined  b a t t e r y  

pack. The recorder  has  a range of 0.004 mR/h t o  40 mR/h wi th  an accuracy of 

about &lo%. The recorder  cha r t  runs at  a speed of 7.6 cm (3  i n )  p e r  hour s o  

t h a t  one cha r t  w i l l  last  f o r  1 0  days,  although t h e  char t s ,  a r e  mailed t o  the 

NERC-LV weekly. A f r e s h  b a t t e r y  pack w i l l  ope ra t e  t he  monitor f o r  about 2 

weeks at  r a d i a t i o n  l e v e l s  below 1 m ~ / h  and about 5 days a t  r a d i a t i o n  l e v e l s  

above 1 mR/h. The l eng th  of unat tended ope ra t i on  f o r  a.c. l i n e  power i s  

l i m i t e d  only by t h e  need t o  change paper i n  t h e  recorder .  During t h i s  r epo r t  

per iod ,  no i nc rease  i n  exposure rates a t t r i b u t a b l e  t o  NTS opera t ions  was de- 

t e c t e d  by the  network of gamma rate recorders .  

Milk Surve i l l ance  Network 

Milk i s  only  one of t h e  sources  of  d i e t a r y  i n t a k e  of environmental radio-  

a c t i v i t y ;  however, i t  is  a very convenient i n d i c a t o r  of t h e  genera l  popula t ion ' s  

i n t a k e  of b i o l o g i c a l l y  s i g n i f i c a n t  rad ionucl ide  contaminants. For  t h i s  reason 

i t  i s  m n i t o r e d  on a rou t ine  bas i s .  Few of t h e  f i s s i o n  product  rad ionucl ides  

become incorpora ted  i n t o  the milk of t h e  cow due t o  i t s  s e l e c t i v e  mtabol i sm.  

However, those  t h a t  a r e  incorpora ted  are very important from a r a d i o l o g i c a l  

h e a l t h  s t andpo in t ,  and s i n c e  they a r e  p r e f e r e n t i a l l y  t r a n s f e r r e d  t o  the  cow's 

milk, i t  is a very s e n s i t i v e  measure of t h e i r  concent ra t ions  i n  t h e  environ- 

ment. The f i v e  most common f i s s i o n  product  rad ionucl ides  which can occur 

i n  milk a r e  89 -90~r ,  1311, 1 3 7 ~ s ,  and 1 4 0 ~ a .  A s i x t h  rad ionucl ide ,  4 0 ~ ,  

a l s o  occurs  i n  milk a t  a reasonably cons tan t  concent ra t ion  of about 1.2 x loe6 



u C i / m l .  S ince  t h i s  is a n a t u r a l l y  occur r ing  radionucl ide,  i t  was no t  included 

i n  t h e  a n a l y t i c a l  resu l ' t s  summarized i n  t h i s  s ec t i on .  

The milk s u r v e i l l a n c e  networks operated by t h e  NERC-LV were t h e  rou t ine  

Milk Surve i l l ance  Network (MSN) and t h e  Standby Milk Surve i l lance  Network 

(SMSN). The MSN during 1973 (Figure 10) cons is ted  of 26 d i f f e r e n t  l oca t ions  

a t  which NERC-LV personnel  co l l ec t ed  3.8 l i t r e s  ( 1  g a l )  milk samples from 

family cows, commercial pas teur ized  milk producers,  Grade A raw milk intended 

f o r  pa s t eu r i za t i on ,  and Grade A raw milk f o r  l o c a l  consumption. I n  the  event  

of a r e l e a s e  of a c t i v i t y  from t h e  NTS, i n t ens ive  sampling would have been con- 

ducted i n  t h e  a f f e c t e d  a r e a  w i th in  300 miles  of t h e  NTS t o  a s se s s  the radio- 

nuc l ide  concentrat ions i n  milk,  t h e '  r ad i a t i on  doses t h a t  could r e s u l t  from 

t h e  i nges t i on  of t h e  milk,  and t h e  need f o r  p r o t e c t i v e  ac t ion .  Milk supp l i e s  

and producers beyond 300, miles  a r e  sampled with t h e  SMSN. 

During 1973, 216 milk samples were c o l l e c t e d  from the MSN. Of t h e  26 

l o c a t i o n s ,  one was an a l t e r n a t e  where milk was sometimes ob ta ined  i n  t h e  event 

t h e  primary sampling po in t  d id  no t  have milk ava i l ab l e .  The rou t ine  l oca t ions  

were scheduled f o r  monthly c o l l e c t i o n  u n t i l  October 1, 1973, when the c o l l e c t i o n  

frequency was changed t o  qua r t e r ly .  Milk could no t  usua l ly  be obtained a t  

a l l  l o c a t i o n s  a t  any one c o l l e c t i o n  time. Cows no t  l a c t a t i n g ,  no one home, o r  

n o  milk on t h e  day t h e  rou te  monitors a r r i v e d  at t h e  ranch, were some of the  

reasons why some of t h e  samples were n o t  c o l l e c t e d  each c o l l e c t i o n  time. During 

t h e  year ,  milk sampling po in t s  a l s o  changed as cows were s o l d ,  o r  were o ther -  

wise unava i lab le  f o r  r e g u l a r  milkings.  

The SMSN cons is ted  of about 175 Grade A milk processing p l a n t s  i n  a l l  

s t a t e s  west of t h e  Mis s i s s ipp i  River,  which could be requested by telephone t o  

c o l l e c t  r a w  milk samples r ep re sen t ing  milk sheds supplying milk t o  the  p l a n t s .  

Since t h e r e  were no r e l e a s e s  of r a d i o a c t i v i t y  from t h e  NTS o r  o t h e r  t e s t  

l oca t ions ,  t h i s  network w a s  no t  a c t i v a t e d  except t o  request  an occas iona l  

sample t o  check t h e  network read iness  and r e l i a b i l i t y .  No a n a l y t i c a l  r e s u l t s  

a r e  r epo r t ed  he re  f o r  t h e  SMSN, s i n c e  t h e  samples were no t  a s soc i a t ed  with 

any p a r t i c u l a r  nuc l ea r  a c t i v i t y  o r  i n s t a l l a t i o n .  



Each-milk sample w a s  analyzed f o r  gamma e m i t t e r s ,  and only those samples 

c o l l e c t e d  i n  January, A p r i l ,  July, and October were analyzed f o r  89-90~r-. 

Samples c o l l e c t e d  a t  s i x  l o c a t i o n s  from t h e  MSN w e r e  r o u t i n e l y  analyzed f o r  

3 ~ .  Table 2 lists the  genera l  a n a l y t i c a l  procedures and d e t e c t i o n  limits 

f o r  these  ana lyses  as descr ibed by ~ o h n s ~  and Lem and ~ n e l l i n ~ .  For  ga- 

spectroscopy ana lyses ,  t he  milk was p laced  i n  3.5 l i t re  M a r i n e l l i  beakers ,  

which a r e  designed t o  p l ace  t h e  samples around t h e  c r y s t a l  d e t e c t o r  f o r  high 

counting e f f i c i e n c y .  A l l  r ou t ine  milk samples were counted f o r  40 minutes. 

A computer w a s  used t o  c a l c u l a t e  t he  a c t i v i t y  concent ra t ion  of each of t he  

de t ec t ed  nuc l ides  a t  the time of count and t o  e x t r a p o l a t e  t h e  r e s u l t s  t o  time 

of milking. 

The a n a l y t i c a l  r e s u l t s  of milk samples c o l l e c t e d  from t h e  MSN dur ing  

1973 a re  summarized i n  Table 6. The maxirmm, minimum, and average concentra- 

t i o n s  of t h e  1 3 7 ~ s ,  89-90~r ,  and 3~ i n  samples c o l l e c t e d  dur ing  t h e  yea r  a r e  

shown f o r  each sampling loca t ion  a t  which these  analyses  were scheduled. In  

t h e  computation of t he  average concent ra t ions ,  sample concent ra t ions  of less 

than the  minirmm d e t e c t a b l e  concent ra t ion  (MDC) were assumed t o  be  equal  t o  

t he  MDC. I£ any of t h e  va lues  used i n  computing the  averages were " l e s s  than" 

va lues ,  the average was expressed as a " l e s s  than" value.  During the year ,  

t h e r e  were a few samples which d id  n o t  have enough volume t o  provide the  usua l  

minirmm s e n s i t i v i t y  f o r  gamma spectrum a n a l y s i s  f o r  1 3 7 ~ s  (1.0 x pCi/ml). 

In these  cases ,  t he  minimum s e n s i t i v i t y  w a s  1.0 x 10'~ u C i / m l .  

No rad ionucl ides  from NTS opera t ions  were de t ec t ed  i n  any of the milk 

samples. The l e v e l s  of 1 3 7 ~ s ,  and 89-90~r  v a r i e d  dur ing  t h e  yea r  i n  accordance 

wi th  what a r e  normally observed as v a r i a t i o n s  i n  world-vide f a l l o u t .  

Water Su rve i l l ance  Network 

The Water Su rve i l l ance  Network (WSN) operated ' i n  o f f - s i t e  a r eas  around 

the  NTS dur ing  1973, cons is ted  of 6 1  l o c a t i o n s  u n t i l  J u l y  1, when Ash Meadows 

Lodge was closed.  This reduced the  network t o  59 loca t ions  (Figures  11 and 12)  

where NERC-LV personnel  c o l l e c t e d  3.8 l i t r e  ( 1  ga l )  water  samples. The samples 

were c o l l e c t e d  from c o m n i t y  water  supp l i e s ,  we l l s ,  open and c losed  sp r ings ,  

s t reams,  lakes ,  and ponds. If a r e l e a s e  of r a d i o a c t i v i t y  from NTS had occurred, 

s p e c i a l  sampling wi th in  t h e  a f f ec t ed  a r e a  would have been conducted t o  determine 



rad ionucl ide  concentrat ions.  

During 1973, 581 water  samples were co l l ec t ed  from these  l 'ocations . A l l  

samples were scheduled t o  be  co l l ec t ed  monthly u n t i l  October 1, when the  

c o l l e c t i o n  frequency was changed t o  q u a r t e r l y .  I n  some cases  ope ra t i ona l  

p r i o r i t i e s ,  f rozen  sources ,  e t c . ,  prevented t h e  sampling of each loca t ion  

every time. 

A l l  water samples from t h e  WSN were analyzed by gamma spectrometry and 

counted f o r  gross  a lpha and gross  b e t a  r a d i o a c t i v i t y .  Network samples 'from 

approximately 1 4  loca t ions  west,  south,  and southeas t  of NTS were d s o  

rou t ine ly  analyzed f o r  3 ~ .  For t he  purpose of i d e n t i f y i n g  t h e  source of t h e  

gross  r a d i o a c t i v i t y  in a l l  network samples and comparing sample concentrat ions 

wi th  t h e  Concentration Guides, s e l e c t e d  samples were given s p e c i a l  analyses  

at least once dur ing  the  y e a r .  For su r f ace  water  samples, t h e  s p e c i a l  analyses  

included 89-90~r ,  2 3 8 - 2 3 9 ~ u ,  U ,  and 2 2 6 ~ a .  For d r ink ing  water  samples, t h e  

analyses  included 89-90~r,  U ,  and 2 2 6 ~ a .  Table 2 l ists the  genera l  a n a l y t i c a l  

procedures a s  descr ibed by ~ o h n s ~ ,  Lem and sne l l i ng8 ,  and ~ a l v i t i e ~ ,  a lcng  

wi th  t he  de t ec t i on  limits f o r  each ana lys i s .  

The a n a l y t i c a l  r e s u l t s  of a l l  samples were publ ished i n  Radiat ion Data 

and Reports.' ' For t h e  purpose of t h i s  r epo r t ,  t he  s p e c i a l  a n a l y t i c a l  r e s u l t s  

f o r  only the  su r f ace  wa te r  samples c o l l e c t e d  from the  WSN during 1973 a r e  pre- 

sen ted  i n  Table  7, which l ists the  concent ra t ions  of r a d i o a c t i v i t y  detected 

i n  the  samples and t h e  percentage of t h e  Concentration Guide f o r  exposure of 

a s u i t a b l e  sample of a popula t ion  i n  an uncont ro l led  a r ea .  Table  8 l is ts  the  

maximum, minirmrn, and average concent ra t ions  of 3~ i n  water  samples co l l ec t ed  

from t h e  WSN and percentages of t h e  Concentration Guide f o r  t h i s  rad ionucl ide .  

No gamma-emitting f i s s i o n  products  were de tec ted  i n  any of t h e  samples by 

gamma spectrometry.  No s i g n i f i c a n t  t rends  were observed i n  the  gross  a lpha,  

gross  b e t a ,  o r  3~ r e s u l t s ,  although su r f ace  waters  genera l ly  contained h igher  

concent ra t ions  than ground waters.  The h ighe r  concent ra t ions  i n  su r f ace  waters  

were a t t r i b u t e d  t o  world-wide f a l l o u t  and n a t u r a l l y  occur r ing  rad ionucl ides .  

Plutonium i n  S o i l  

This  program began i n  September 1970 a s  an i n t e g r a l  p o r t i o n  of the work 



coordina ted  by t h e  Nevada Applied Ecology Group (NAEG) . The NAEG was formed 

by t h e  AEC t o  coord ina te  environmental eva lua t ions  corresponding t o  s p e c i f i e d  

a reas  of AEC opera t ions .  The NAEG's  o b j e c t i v e  i n  t h e  s tudy  is  t o  determine 

t h e  inventory,  d i s t r i b u t i o n ,  and movement i n  t h e  ecosystem of on-NTS and 

off -NTS plutonium which was produced by nuc lea r  t e s t i n g  a t  NTS. A d e t a i l e d  

review of t h i s  program is  t o  be the  s u b j e c t  of another  r e p o r t .  l2 

A s  p a r t  of t h i s  s tudy ,  t h e  NERC-LV has been involved i n  i n v e s t i g a t i n g  

off-NTS a i r  and s o i l  f o r  plutonium content .  A i r  sample analyses  have been . 

l im i t ed  t o  f i l t e r s  c o l l e c t e d  a t  s e l e c t e d  Air Surve i l l ance  Network S t a t i o n s  

(ASN) over a per iod  from 1965 t o  1972. Two phases of research  have been 

conducted. F i l t e r s  from e i g h t  air  sampling s t a t i o n s  d i s t r i b u t e d  over t he  

western United S t a t e s  were chosen f o r  analyses  t o  determine ambient l e v e l s  

of a i rborne  plutonium. F i l t e r s  were s e l e c t e d  f o r  f i v e  sampling days near  

the  middle of each month, and a plutonium assessment was made on composited 

f i l t e r s .  The second phase w a s  t o  analyze f i l t e r s  c o l l e c t e d  nea r  t he  NTS . 
S t a t i o n s  w e r e  s e l e c t e d  which were loca t ed  upwind and downwind of known on- 

NTS plutonium depos i t i on  areas. F i l t e r s  were chosen f o r  days when high winds 

and dry s o i l  condi t ions  e x i s t e d  i n  the  genera l  a r e a  of t h e  NTS. 

Analysis has  been completed through December 1972 f o r  f i l t e r s  from t h e  

e i g h t  s t a t i o n s  remote from the  NTS. These r e s u l t s  are shown i n  Figure 1 3  

through 16. The d a t a  were converted t o  n a t u r a l  l o g  form and sub jec t ed  t o  a 

one-way a n a l y s i s  of va r i ance  t o  test any s i g n i f i c a n t  d i f f e r e n c e  i n  t he  means. 

A s i g n i f i c a n t  d i f f e r e n c e  between s t a t i o n  means w a s  e s t a b l i s h e d  at  t h e  95% 

confidence l e v e l .  A probable d i f f e r e n c e  between s t a t i o n s  was noted  a t  the  

99% confidence l eve l .  However, t h e  d i f f e r ence  a t  t h e  99% confidence l e v e l  

was i n s u f f i c i e n t  t o  c l e a r l y  e s t a b l i s h  any s t a t i s t i c a l l y  v a l i d  d i f f e r ence  be- 

tween s t a t i o n s .  A Shef f e comparison ("hindsight" i nd iv idua l  comparison of 

means t e s t )  of t h e  means w a s  used t o  determine i f  t h e  d i f f e r e n c e  a t  the 95% 

confidence l e v e l  could be e s t a b l i s h e d  a s  being due t o  d i f f e r ences  i n  i nd iv idua l  

group means. The Shef f e  ana lys i s  d i d  show a d i f f e r e n c e  i n  the  major i ty  of 

t he  means i n  all cases ;  i . e . ,  no more than t h r e e  m a n s  were c l o s e  enough t o  

each o t h e r  t o  be considered equal .  The e i g h t  means may be s p l i t  i n t o  t h ree  

groups by t h e  Sh'effe ,comparison. These. t h r e e  groups a r e  (1) Provo, UT, and 



Barstaw, CA, (2) Spokane, WA, Albuquerque, NM, and S t .  Joseph, MO, (3) 
Austin, TX, Aberdeen, SD, and Medford, OR. This i n d i c a t e s  t h a t  n o . t r e n d s  

e x i s t e d  i n  t h e  da ta  which could be  a t t r i b u t e d  t o  d i f fe rences  i n  s t a t i o n  

l oca t ions  . 
The plutonium-in-air d a t a  f o r  t he  s t a t i o n s  n e a r  the  NTS were grouped 

according t o  an upwind and downwind s e l e c t i o n  made by t h e  National Oceanic 

and Atmospheric Administration, Air Resources Laboratory (NOAA-ARL) , Las 

Vegas, NV ( see  Table 9 ) .  A one-way a n a l y s i s  of var iance  was performed on 

the  n a t u r a l  l o g  of t h e  r e s u l t s  from each s t a t i o n .  For seven of t h e  t e n  

s t a t i o n s  s e l ec t ed ,  no s i g n i f i c a n t  d i f f e r ence  i n  plutonium concentrat ion was 

found between upwind and downwind loca t ions .  A d i f f e r ence  was noted i n  two 

cases ,  and a probable d i f f e r ence  w a s  no ted  i n  one case. 

Among e i g h t  l oca t ions  i n  t h e  western United S t a t e s ,  plutonium l e v e l s  vary 

according t o  l o c a t i o n  and time of co l l ec t i on .  Long-term t rend  ca l cu l a t i ons  

show a genera l ly  s t a b l e  plutonium l e v e l  i n  air. Within annual cyc les ,  

plutonium concent ra t ions  may vary from 1.0 x 10-l7 t o  1 .0  x 10-l5 uCi/ml. 

The ana lys i s  of f i l t e r s  c o l l e c t e d  nea r  t he  NTS has  no t  de t ec t ed  any re-  

suspension of e x i s t i n g  off-NTS plutonium depos i t ion  o r  t r anspo r t  of plutonium 

off  of t h e  NTS by wind. Comparison of downwind r e s u l t s  f o r  t he  t e n  near-NTS 

s t a t i o n s  and r e s u l t s  f o r  the  e i g h t  s t a t i o n s  from o t h e r  s t a t e s  i n d i c a t e s  t h a t  

only background concent ra t ions  were de tec ted .  

I n i t i a l  s o i l  sampling began i n  September 1970. The s e l e c t e d  sampling 

method was f i r s t  f i e l d  t e s t e d  and re f ined  t o  s u i t  ope ra t i ona l  and a n a l y t i c a l  

r e q u i r e m n t s .  This method i s  def ined  as t h e  t rench  method. A t rench was dug 

and a sample was r emved  from one s i d e  of t he  t rench ,  over a given su r f ace  

a rea ,  and a t  var ious  sampling depths. By t h i s  method a prel iminary s o i l  pro- 

f i l e  sampling survey w a s  performed t o  determine t h e  v e r t i c a l  d i s t r i b u t i o n  of 

plutonium and t o  de f ine  an optimum sampling depth. Since t h i s  p re l iminary  

survey showed t h a t  90% o r  more of t h e  plutonium concent ra t ion  was found i n  

the t o p  3 cm of s o i l  i n  86% of t he  samples co l l ec t ed ,  a 5-cm depth was chosen 

wi th  a sampling a r e a  of 10 by 10 cm. Ten 10- by 10-cm cores  w e r e  composited 

t o  form a t o t a l  sampling a r e a  of 1000 cm f o r  each sample l oca t ion .  A l l  

sampling s i t e s  were chosen from undis turbed d e s e r t  "pavement" a r e a s  a t  the  



i n t e r s e c t i o n s  of an 8- by &km (5-by-5-mi) g r i d ,  a s  much a s  pos s ib l e .  

Each sample was r e tu rned  t o  t he  NERC-LV i n  a polyethylene bag and a i r  

d r i ed .  The t o t a l  weight was measured and t he  sample screened wi th  a U. S. 

Standard s c r e e n  of 1 0 - ~ s h .  The p o r t i o n  pa s s ing  through t h e  10-mesh s c r een  

was d iv ided  w i t h  a Jones  sample s p l i t t e r .  Successive s p l i t s  were made t o  

ach ieve  a sample of about  50 g f o r  Pu a n a l y s i s .  The remainder of t h e  f r a c t i o n  

pa s s ing  10-mesh was red iv ided  t o  y i e l d  a sample s i z e  of about 600 g,  which 

was gamma counted. The 50-g sample f o r  Pu a n a l y s i s  was oven d r i e d  and 

pu lve r i zed  t o  l e s s  than  200 mesh. A one-gram a l i q u o t  was then  c o l l e c t e d  from 

t h i s  sample f o r  complete d i s s o l u t i o n  i n  n i t r i c ,  hydrochlor ic ,  and hyd ro f luo r i c  

ac id s ;  t he  Pu being s epa ra t ed  from t h e  s o l u t i o n  by i o n  exchange techniques  and 

e l ec t rodepos i t ed  on a s t a i n l e s s  steel p lanche t  f o r  a lpha spec t rome t r i c  ana l -  

y s i s . 9 r  lo 

The r e s u l t s  of s o i l  samples c o l l e c t e d  around t h e  NTS and analyzed f o r  

plutonium conten t  show t h a t  2 3 9 ~ u  is p re sen t  .outs ide t h e  boundaries of t h e  

NTS at l e v e l s  g r e a t e r  t han  t h a t  which would be  expected from world-wide 

f a l l o u t  (-1.0 x uc i /m2) .  The pre l iminary  r e s u l t s  of ana lyses  completed 

through 1973 a r e  shown i n  F igure  1 7  which i s  a computer ou tpu t  of r e s u l t s .  

The program employed develops a g r i d  based on t h e  samples shown and i n t e r -  

p o l a t e s  t h e  contours shown. The contours  shown a r e  no t  t o  be  i n t e r p r e t e d  

as de f in ing  t h e  exac t  plutonium d i s t r i b u t i o n ,  because of t h e  v a r i a b i l i t y  

i n  sample r e s u l t s  and t h e  ex i s t ence  of a r e a s  where sampling is  incomplete.  

The contours  w i l l  be  r ev i s ed  w i th  f u r t h e r  sampling and f u r t h e r  ref inements  

i n  t h e  computer contouring program. The f i g u r e  should no t  be taken out 

of con tex t  o r  i n t e r p r e t e d  wi thout  q u a l i f i c a t i o n .  I t  i s  shown h e r e  t o  

i l l u s t r a t e  t h e  magnitude of t h e  sampling program, show sample r e s u l t s ,  and 

g ive  a preview of t h e  f i n a l  output  of t h e  program. 

Included i n  the  sampling design was a r e p l i c a t e  sampling and r e p l i c a t e  

a n a l y s i s  p r o j e c t  developed t o  g ive  i n s i g h t  i n t o  t h e  va r i ance  among samples 

and analyses .  Various t rans format ions  of t he se  d a t a  were a t tempted t o  

develop meaningful s t a t i s t i c s  t o  de sc r ibe  t he  da t a .  The logar i thm base 10 

of t h e  d a t a  was found t o  be t h e  most favorab le  t rans format ion ;  however, 



when t h i s  t ransformation was used t o  develop a l o g  normal p l o t  a 

heterogeneous d i s t r i b u t i o n  was shown wi th in  t h e  da ta .  The d i s t r i b u t i o n  

of r e s u l t s  of a l l  samples was p l o t t e d  which showed a s i m i l a r  log-normal 

curve. The t o t a l  d i s t r i b u t i o n  was introduced i n t o  a computer a n a l y s i s  

assuming two overlapping log-normal d i s t r i b u t i o n s .  The d a t a  f i t  t he  

assumption and y i e lded  two d i s t r i b u t i o n s  as f o l l w s :  

% of To ta l  Po in t s  68% Confidence I n t e r v a l  of Geometric Mean 
( 1 0 ' ~  wci/m2) 

14.5 4.2 < 4 1  ~ 4 0 0  

85.5 1.0 < 3.5 < 12 

The small underlying d i s t r i b u t i o n  i s  considered t o  be evidence of "hot 

p a r t i c l e s 1 '  in the samples. 



Long-Term Hydrological Monitoring Program, NTS Network 

I n  previous years ,  hydrological  monitoring and inves t iga t ion  programs 

were conducted f o r  the  AEC by the  U. S. Geological Survey (USGS) and Teledyne 

Isotopes (formerly Isotopes,  Inc.).  A s  a continuation of t h i s  e f f o r t ,  the  

AEC requested the  NERC-LV t o  e s t a b l i s h  a Long-Term Hydrological Monitoring . 

Program i n  the  v i c i n i t y  of a l l  a c t i v e  and i n a c t i v e  t e s t  areas.  The purpose 

of t h i s  program, a s  ou t l ined  by the  Nevada Operations Office,  AEC, i s  t o  

obta in  and record appropr ia te  d a t a  from r e l i a b l e  sources adequate to :  

(1) assure  the  publ ic  s a f e t y ;  

(2) i f  the  need should a r i s e ,  inform the  publ ic ,  the  news media, 

and t h e  s c i e n t i f i c  community; and 

(3) document compliance with e x i s t i n g  f e d e r a l ,  s t a t e ,  ahd l o c a l  

anti-contamination requirements. 

To implement t h i s  long-term program, NERC-LV began sampling water from 

w e l l s ,  spr ings ,  and spring-fed su r face  water which a r e  down-gradient of the  

movement of ground water a t  the  NTS and i ts environs,  and a t  the  s i t e s  of 

P ro jec t  Shoal, Projec t  Dribble, P ro jec t  Gnome, Projec t  Gasbuggy , Projec t  

Rulison, and t h e  F a u l t l e s s  Event of t h e  Centra l  Nevada Test Area (CNTA). 

Samples of underground water  sources were co l l ec ted  from w e l l  heads o r  

spr ing  discharge po in t s  where poss ib le .  I f  pumps w e r e  not  ava i l ab le ,  an 

electr ical-mechanical  water  sampler capable of c o l l e c t i n g  t h r e e - l i t e r  samples 

a t  depths up t o  1800 m (6000 f t )  was used. 

Samples of raw water ,  and f i l t e r e d  and a c i d i f i e d  water were co l l ec ted  

a t  each loca t ion .  Raw, u n f i l t e r e d  samples were analyzed f o r  3 ~ ,  f i l t e r e d  

water (water passing a 0.45-pm f i l t e r  and adjus ted  t o  pH 1 with n i t r i c  ac id )  

was given radiochemical analyses,  and two f i l t e r e d  samples were co l l ec ted  f o r  

s t a b l e  chemistry analyses. For t h e  NTS network, the  water was analyzed f o r  

3 ~ ,  gross b e t a ,  gross alpha,  and ganuna emi t t e r s .  In  add i t ion ,  the  NTS monthly 

samples were rou t ine ly  analyzed f o r  U and Pu each quar t e r .  I n  the  event the  

gross  alpha exceeded 3 x u C i / m l ,  t he  samples were analyzed f o r  2 2 6 ~ a ,  

and i f  the  gross b e t a  exceeded 10 x p C i / m l ,  Sr analyses were done. For 



A X -  -d 

t h e  NTS semi-annual l o c a t i o n s  a l l  of  t h e  above ana lyses  were performed 

except  f o r  226~a which w a s  done only i f  t h e  gross  a lpha exceeded 3 x 10'~ 

pCi /ml .  With a l l  NTS samples 3~ enrichment techniques were used which 

lowers t h e  MDC t o  '6 x p C i / m l .  Table 2 shows a complete summary of 

a n a l y t i c a l  procedures.  

Not a l l  of t h e  ana lyses  have been completed f o r  t h e  NTS monthly samples 

c o l l e c t e d  i n  1973. Tables 10 and 11 give  t h e  r e s u l t s  of a l l  t h e  NTS hydro- 

l o g i c a l  sampling and ana lyses  accomplished dur ing  t h i s  r e p o r t  per iod.  

During t h i s  r e p o r t  per iod a t tempts  were made t o  sample 9 s t a t i o n s  

monthly and 1 8  s t a t i o n s  semi-annually (Figures 18  and 19 ) .  Addi t iona l  we l l s  

w i l l  be  added t o  t n e  network i n  1974. Not a l l  s t a t i o n s  could be sampled wi th  

t h e  des i r ed  frequency t ecause  of weather prevent ing access  t o  the  we l l s  and 

inope ra t i ve  pumps. The c r i t e r i a  f o r  s e l e c t i n g  t h e  9 monthly s t a t i o n s  were a s  

fol lows : 

(1) t h a t  they be  w e l l s  on t h e  Nevada T e s t - S i t e  used f o r  p u b l i c  supply;  

(2)  t h a t  they be  close- in  we l l s  a long most probable  flow l i n e s  down- 

g rad i en t  from cen te r s  of t e s t i n g ,  o r  w e l l s  a t  o r  nea r  t he  most 

important  e x i t s  from t h e  t e s t  s i t e ;  

(3) t h a t  they have c u r r e n t l y  opera t ing  pumps f o r  ease  of f requent  

sampling; 

(4) t h a t  they can provide samples which a r e  r e p r e s e n t a t i v e  of a l a r g e  

volume of aqu i f e r ;  and 

(5) t h a t  they a r e  l i k e l y  t o  be  a v a i l a b l e  f o r  sampling over  a long per iod  

of time. 

The c r i t e r i a  f o r  s e l e c t i n g  semi-annual sampling l o c a t i o n s  a r e  e s s e n t i a l l y  

t h e  same, b u t  a l s o  inc lude  i n d u s t r i a l  supply w e l l s  on t h e  Nevada Tes t  S i t e  

and r e p r e s e n t a t i v e  w e l l s  a long poss ib l e ,  b u t  l e s s  probable ,  flow l i n e s .  Severa l  

s t a t i o n s  t h a t  a r e  o f f  t h e  flow l i n e s  l ead ing  from t h e  t e s t  a r e a s ,  o r  t h a t  a r e  

s o  remote as t o  preclude any contamination, have been added f o r  c o n t r o l  s t a t i o n s  

and f o r  p u b l i c  assurance.  These inc lude  Watertown Well 3, two we l l s  a t  Indian 

Spr ings ,  t h e  s p r i n g  a t  Shoshone, CA, and Well llS/48-2dd n e a r  Beatty.  Four 

s i t e s  i n  t h e  Ash Meadows a r e a  were s e l e c t e d  t o  provide d a t a  on t h e  f i n a l  



discharge  from a l l  a r e a s  i n  t h a t  ground water system. 

A l l  gamma scans were n e g l i g i b l e  f o r  f i s s i o n  products ,  and the  only 

rad ionucl ide  unusual t o  w e l l  water  t h a t  w a s  de t ec t ed  was 3~ i n  Wells C 

and C-1. The 3~ i n  t h e s e  two w e l l s  was introduced as p a r t  of a t r a c e r  

experiment. Well C-1 had an average concent ra t ion  of 3 ~ ,  of about 1 .0  x loe7 
pCi /ml ;  l e s s  than 0.001 of t h e  Concentrat ion Guide f o r  r a d i a t i o n  workers. No 

r a d i o a c t i v i t y  which could be r e l a t e d  t o  NTS t e s t s  was de tec ted  i n  any off-NTS 

we l l s .  A sample c o l l e c t e d  i n  J u l y  from t h e  Beat ty ,  NV, c i t y  water  supply d id  

show a concent ra t ion  of 1.5 x 10'~ p C i / m l  o f  3 ~ .  A sample c o l l e c t e d  a t  t he  

same l o c a t i o n  i n  January 1973, showed no 3~ concent ra t ions  above t h e  MDC of 

' 6  x l ow9  p C i / m l .  The J u l y  1973 sample is being recounted, and a sample 

co l l ec t ed  i n  January 1974, i s  a l s o  i n  ana lys i s .  A t  t h e  p re sen t  time the  1.5 

x 10'~ p C i / m l  concent ra t ion  a t  Beat ty  is considered t o  be a s t a t i s t i c a l  anomaly 



Whole Body Counting 

Since 1966 t h e  NERC-LV has  maintained a whole-body counter  f o r  t h e  

purpose of measuring body burdens o f  r a d i o a c t i v e  contamination i n  employees 

exposed t o  o r  handl ing r a d i o a c t i v e  m a t e r i a l s ,  and i n  o f f - s i t e  r e s i d e n t s  who 

might have been exposed t o  r a d i o a c t i v i t y  re leased  from the,NTS. 

The whole-body counter  and scanner  a r e  contained i n  an underground 

v a u l t  l oca t ed  8 m (25 f t ]  below ground l e v e l .  Each ins t rument  is housed 

i n  i d e n t i c a l  sh ie lded  rooms whose w a l l s  a r e  12.7 cm (5 i n )  pre-World War I1 

s t e e l ,  and 3.17 mm (1.8 i n )  of l ead .  

The d e t e c t o r  used i n  counting area r e s i d e n t s  i s  a NaI(T1) c r y s t a l  wi th  

a diameter of 27.9 cm ( 1 1 i n )  and a th ickness  of 10.2 cm (4  i n ) .  The c r y s t a l  

is  o p t i c a l l y  coupled t o  seven matched photo-mult ipl ier  tubes  of t h e  "venetian 

b l i nd"  type.  The count ing geometry is an a r c  wi th  a rad ius  of curva ture  of 

0.6 m formed by a p l e x i g l a s s  cha i r .  The lower l e v e l  of de t ec t i on  i n  t h i s  

geometry f o r  1 3 7 ~ s  is 5 x lo-' uCi/g o f  body weight f o r  a 40-minute count. 

I n  l a t e  1970, the  AEC/NERC-LV decided t o  begin a r e g u l a r l y  scheduled 

program of count ing s e l e c t e d  r e s i d e n t s  i n  t h e  near-NTS environs .  For t h i s  

r e p o r t ,  only  t h e  r e s u l t s  of those  i n d i v i d u a l s  counted dur ing  1973 a r e  in -  

cluded. A r e p o r t  o f  t h e  e n t i r e  program, s i n c e  i ts  i ncep t i on  i n  1970, is  i n  

p r epa ra t i on .  

During 1973, eighty-seven i n d i v i d u a l s  from 1 5  l o c a t i o n s  were counted. 

These l o c a t i o n s  included Pahrump, Spr ingdale ,  Beat ty ,  Moapa, C a l i e n t e ,  Pioche,  

Nyala, Diablo,  Goldf ie ld ,  Lathrop Wells,  Ely,  Tonopah, Twin Springs ,  Spr ing 

Meadow Farms, NV; and Death Val ley Junc t i on ,  CA. Each i nd iv idua l  was given 

a complete hematological  examination and t hy ro id  p r o f i l e ,  p lus  a phys i ca l  

examination which showed no condi t ions  a t t r i b u t a b l e  t o  r a d i o a c t i v i t y .  A 

u r i n e  sample was c o l l e c t e d  for 3~ and Pu ana lyses .  

The maximum, minimum, and average concen i ra r ion  of 3 7 ~ s  was 5.6 x 10'~ 

pCi/g, 5 x pCi/g, and 1.9 x 10'~ vCi/g body weight,  r e spec t i ve ly .  The 

average concen t ra t ion  of 1 .8  x lo'* gCi/g f o r  1 3 7 ~ s  i s  somewhat lower than  

l e v e l s  p rev ious ly  found i n  t h i s  s tudy group, i n d i c a t i n g  the p o s s i b i l i t y  o f :  



(1)  a decrease  of  3 7 ~ s  i n  t h e  environment,. (2)  t h e  lowering of 3 7 ~ s  uptake 

through r educ t ion  of t he  "beef vector , ' '  o r  a combination of t h e  two f a c t o r s .  

The maximum concent ra t ion  of 3~ was 3.9 x 10'~ u C i / m l ,  t h e  minimum was 

2.4 x u C i / m l ,  and t h e  average w a s  5 .3 x u C i / m l .  No 2 3 B ~ ~  o r  2 3 9 ~ u  

was d e t e c t e d  above t h e  MDC's  of 3.6 x 10-I' u C i / m l  and 1 .7  x 10'11 u C i / m l ,  ' 

r e spec t ive ly .  

OTHER TEST SITES 

Two programs were ope ra t ive  i n  1973 t o  provide a d d i t i o n a l  d a t a  on long- 

term s u r v e i l l a n c e  a t  a l l  c o n t i n e n t a l  t e s t  s i t e s ,  p a s t  and present .  The two 

programs now i n  e f f e c t  are (1) sampling f o r  3~ i n  n a t u r a l  gas from w e l l s  

ad jacent  t o  t h e  Gasbuggy Tes t  Well nea r  Farmington, NM, and (2) scheduled 

water sampling of w e l l s  and o t h e r  water  sources i n  t h e  v i c i n i t y  of a l l  con- 

t i n e n t a l  s i t e s .  A d e s c r i p t i o n  of t h e  two programs i s  included i n  t h i s  s ec t ion ,  

During t h i s  r epo r t ing  pe r iod ,  t h e  NERC-LV a l s o  provided a e r i a l  and ground 

s u r v e i l l a n c e  f o r  a product ion t e s t  o f  t he  nuc lea r  s t imu la t ed  Gasbuggy n a t u r a l  

gas  w e l l  nea r  Farmington, NM. This  s u r v e i l l a n c e  cons is ted  of a scheduled 

c o l l e c t i o n  of environmental samples be fo re ,  dur ing ,  and a f t e r  t h e  product ion 

t e s t .  

Long-Term Hydrological  Monitoring Program 

During 1973, t he  NERC-LV continued t h i s  program at  a l l  off-PITS t e s t  s i t e s  

except  f o r  Amchitka I s l a n d ,  AK, and P r o j e c t  Rio Blanco, CO. These two s i t e s  

are t h e  r e s p o n s i b i l i t y  of o t h e r  agencies .  Sampling frequency f o r  t h e  off-NTS 

t e s t  s i t e s  i s  normally once each y e a r  i n  t h e  s p r i n g  and a f t e r  any f l a r i n g  of  

n a t u r a l  gas from those  sites where gas w e l l s  were s t imu la t ed  by nuc lea r  deto- 

na t ions .  Co l l ec t ion  procedures were e s s e n t i a l l y  t h e  same as those  used i n  t h e  

NTS networks. Most samples were analyzed f o r  3 ~ ,  g ros s  a lpha ,  and gross  b e t a  

by radio-chemistry techniques ,  and f o r  gamma-emitters by gamma spectroscopy;  

however, t h e r e  were some we l l s  and' s u r f a c e  s u p p l i e s  f o r  which only  3~ a n a l y s i s  

was performed. Se lec ted  samples were a l s o  analyzed f o r  89 -90~r  and 2 2 6 ~ a .  A 

complete summary of a n a l y t i c a l  procedures  and d e t e c t i o n  l i m i t s  i s  shown i n  

Table 2.  



The a n a l y t i c a l  r e s u l t s  of a l l  water  samples co l l ec t ed  dur ing  1973 a r e  

summarized i n  Table 12. A l l  l o c a t i o n s  sampled a r e  shown on Figures  20 

through 26. For each concent ra t ion ,  t h e  percent  of t he  app ropr i a t e  Con- 

c e n t r a t i o n  Guide was c a l c u l a t e d  and l i s t e d .  A s  shown by the  t a b l e ,  con- 

c e n t r a t i o n s  of r a d i o a c t i v i t y  above t h e  Concentration Guides were found i n  

samples c o l l e c t e d  a t  t h e  sites of P r o j e c t  Dribble  and Gnome. Well HT-ZM, ' 
which is loca t ed  on t h e  P r o j e c t  Dr ibble  s i t e ,  is approximately 90 m (300 f t )  

from Well HT-2 i n  which approximately 1280 m3 (338,000 ga l lons )  of radio-  

a c t i v e  l i q u i d  waste were i n j e c t e d  during 1965. A s  a consequence of t h i s ,  

h igh  l e v e l s  of 3~ were observed a t  most depths sampled i n  HT-2M. The maxi- 

mum concent ra t ion  observed was 8.0 x u C i / m l  i n  a sample co l l ec t ed  from 

716 m (2350 f t )  below t h e  s u r f a c e  on March 27, 1973. This concent ra t ion  w a s  

2.7% of t he  Concentrat ion Guide f o r  3~ f o r  exposure t o  an ind iv idua l  i n  an 

uncont ro l led  a rea .  A second sampling of HT-2M w a s  accomplished i n  1973 a s  

requested by AEC t o  v e r i f y  t h e  r a d i o a c t i v i t y  concent ra t ions  which could be 

used i n  determining t h e  f i n a l  d i s p o s i t i o n  of t h e  we l l .  These r e s u l t s  a r e  a l s o  

included i n  Table 12. Although t h e s e  contaminated we l l s  a r e  on p r i v a t e  land ,  

t h e  we l l s  are fenced,  pos ted ,  and locked t o  prevent  t h e i r  use  by unauthorized 

personnel .  

' USGS Wells Nos. 4 and 8 loca t ed  on t h e  P r o j e c t  Gnome s i t e  were used i n  

a USGS r a d i o a c t i v e  t r a c e r  s tudy  dur ing  t h e  f i r s t  q u a r t e r  of 1963. Cesium-137, 

13'1, 9 0 ~ r ,  and 3~ were i n j e c t e d  i n  Well No. 8 ,  and water  w a s  pumped from 

nearby Well No. 4. A s  a r e s u l t ,  h igh  l e v e l s  of 3~ and ' O S ~  were observed i n  

samples c o l l e c t e d  from both w e l l s  i n  1973, whi le  3 7 ~ s  was observed only i n  

t h e  sample from W e l l  No. 8. A s  i nd i ca t ed  by Table 12,  t h e  h i g h e s t  concentra- 

t i o n  of 3~ w a s  47% of  i t s  Concentrat ion Guide f o r  a n  i n d i v i d u a l  i n  an un- 

con t ro l l ed  a r e a  and t h e  h ighes t  concent ra t ion  f o r  ' O S ~  w a s  50 times its 

Concentrat ion Guide. The concent ra t ions  of r a d i o a c t i v i t y  i n  a l l  t he  o t h e r  

w e l l s  sampled nea r  t h e  two contaminated w e l l s  were r e p r e s e n t a t i v e  of normal 

background l e v e l s .  These two contaminated w e l l s ,  which a r e  on f e d e r a l  l and ,  

a r e  a l s o  w i t h i n  a locked, fenced area. 



I n  1972, g ros s  b e t a  l e v e l s  above 3.0 x lom8 uCi/ml were a l s o  observed 

i n  samples co l l ec t ed  from Flowing Well No. 2 (3.8 x lo-* uCi/ml) nea r  t h e  

P r o j e c t  Shoal si te,  and Lake ~ a r a  (3.6 x u ~ i / m l )  and E l  Paso Natura l  

Gas W e l l  10-36 (4.7 x lo-* uCi/ml), bo th  of which a r e  nea r  t he  P r o j e c t  

Gasbuggy s i t e .  None of t h e s e  sources  of water i s  used f o r  domestic purposes.  

Analyses were performed on these  samples dur ing  1973 t o  i d e n t i f y  t he  radio-  

nuc l ides  con t r ibu t ing  t o  t he  gross  r a d i o a c t i v i t y .  The r e s u l t s  o f  t h e s e  

ana lyses  a r e  a l s o  included i n  Table 12. No i n d i v i d u a l  rad ionucl ides  were 

i d e n t i f i e d  by these  ana lyses  which would exp la in  t h e  r e l a t i v e l y  high gross  

b e t a  a c t i v i t i e s .  

Natura l  Gas Burner Sampling, Gasbuggy S i t e  

During 1973, i n t e g r a t e d  monthly samples of t h e  water  condensate from 

the combustion of n a t u r a l  gas were c o l l e c t e d  from a t runk l i n e  s e r v i c i n g  

28 n a t u r a l  gas  we l l s  ad jacent  t o  t h e  Gasbuggy Test  Well nea r  Farmington, NM, 

from January 1 through September 5. The u n i t  w a s  i nope ra t i ve  from September 5 

u n t i l  November 1, and one sample w a s  c o l l e c t e d  f o r  t h e  per iod  November 1 

through December 31. This  s tudy ,  which became r o u t i n e  by November 1971 follow- 

i n g  t h e  development of a gas bu rne r  system, w a s  i n i t i a t e d  t o  determine i f  

n a t u r a l  gas from the  nuclear-s t imulated Gasbuggy t e s t  we l l  would in t roduce  

r a d i o a c t i v e  contaminants i n t o  t h e  surrounding producing we l l s .  Tr i t ium was 

chosen as a s u i t a b l e  i n d i c a t o r  o f  r ad ioac t ive  contamination. 

The gas burner  system, descr ibed  i n  more d e t a i l  by Connolly,13 operated 

by pas s ing  an  a i r / g a s  mixture  through a combustion chamber where i t  i s  con- 

t i nuous ly  burned. The r e s u l t a n t  water  vapor is  condensed ou t  of t he  exhaust 

ga se s ,  c o l l e c t e d ,  and s e n t  t o  t h e  NERC-LV f o r  l i q u i d  s c i n t i l l a t i o n  count ing 

f o r  3 ~ .  

A l l  concent ra t ions  of  3~ i n  t h e  n i n e  condensate samples c o l l e c t e d  i n  

CY 1973, as i n  samples c o l l e c t e d  i n  previous yea r s ,  were below the  minimum 

d e t e c t a b l e  concent ra t ion  of  about  2.4 x p C i / m l  of condensate water .  

P r o j e c t  Gasbuggy Product ion Tes t  

During t h e  product ion t e s t  conducted a t  t he  P r o j e c t  Gasbuggy s i t e  from 

May 15  t o  November 6 ,  1973, n a t u r a l  gas conta in ing  8 5 ~ r  and 3~ was f l a r e d  



continuously.  On several occasions t r i t i a t e d  water, which had been removed 

from t h e  n a t u r a l  gas ,  was converted t o  steam and i n j e c t e d  i n t o  t h e  f l a r i n g  

plume. The flow rate a t  which t h e  n a t u r a l  gas was f l a r e d  v a r i e d  as shown 

on Figure 27, which a l s o  shows when steam containing 3~ was i n j e c t e d  i n t o  

t h e  f l a r i n g  plume and when aerial and ground sampling w a s  conducted by 

NERC-LV personnel.  The primary rad ionucl ides  of concern were i d e n t i f i e d  

from previous s u r v e i l l a n c e  programs f o r  P r o j e c t  Gasbuggy t o  be  3~ and 8 5 ~ r ,  

of which a t o t a l  of approximately 49 C i  and 5 C i ,  r e spec t ive ly ,  was r e l ea sed  

i n t o  the  atmosphere during t h i s  product ion t e s t .  

Aerial sampling de t ec t ed  concent ra t ions  of  3~ above es t imated  background 

l e v e l s  i n  t h e  plume on each mission flown dur ing  the  per iods  May 19-21 and 

J u l y  25-26. The concent ra t ions  of 8 5 ~ r  i n  a l l  samples co l l ec t ed  during f l a r -  

i n g  opera t ions  were considered t o  b e  a t  background l e v e l s ,  about 1 .7  x 10-11 

v C i / m l  except  f o r  one sample c o l l e c t e d  on May 19 ,  which had a 8 5 ~ r  concentra- 

t i o n  of 2.1 x 10-l1 p C i / m l .  This  concent ra t ion  is  about 0.02% of t h e  Concentra- 

t i o n  Guide f o r  a s u i t a b l e  popula t ion  sample i n  an uncontrol led a rea .  The 

h i g h e s t  concent ra t ion  of 3~ detec ted  i n  a i r c r a f t  samples was 4.8 x 10-I 

p C i / m l  of a i r  i n  a sample c o l l e c t e d  on J u l y  25 a t  an a l t i t u d e  of 2250 m (7400 f t )  

MSL, 1.8 kni (1.1 m i )  at  260' from t h e  f l a r e  s t ack .  This concent ra t ion  is 

approximately 0.07% of t he  Concentrat ion Guide (6.7 x pCi/ml) f o r  con- 

t inuous  exposure t o  a s u i t a b l e  popula t ion  sample i n  an uncont ro l led  a rea .  

Mobile monitors on t h e  ground, who were pos i t i oned  downwind of t h e  s t a c k  

plume by personnel  i n  t h e  a i r c r a f t ,  a l s o  c o l l e c t e d  atmospheric moisture samples 

conta in ing  3~ above es t imated  background during each sampling period i n  May 

and Ju ly .  The h ighes t  3~ concent ra t ion  i n  atmospheric moisture samples col- 

l e c t e d  by mobile monitors on t h e  ground w a s  c o l l e c t e d  a t  an unpopulated 

l o c a t i o n  0.5 km (0 .3  m i )  a t  341° from t h e  f l a r e  s t a c k ,  on J u l y  25. This con- 

c e n t r a t i o n ,  which w a s  3 x 10-lo p C i / m l  of a i r ,  i s  approximately 0.4% of t he  

Concentrat ion Guide f o r  a s u i t a b l e  popula t ion  sample i n  an uncontrol led a rea .  

Tr i t ium concent ra t ions  above es t imated  background were found i n  vege ta t ion  

and s o i l  c o l l e c t e d  during t h e  J u l y  25-26 s u r v e i l l a n c e  opera t ions  and t h e  

November 6-8 pos t - f l a r ing  s u r v e i l l a n c e ;  no 3~ was de t ec t ed  i n  t hese  sample 



types during the  May 19-21 survei l lance .  No surface  water samples showed 

concentrations of 3~ above estimated background. The highest  3~ concentra- 

t i o n  i n  vegetat ion (2.6 x 10" vCi/ml H20) w a s  measured i n  a sample collected 

a t  S ta t ion  20 on November 7, 2 km (1.2 mi) and 333' azimuth from the  f l a r e  

s tack.  The highest  3~ concentration i n  s o i l  (1.7 x u C i / m l  H20) was 

measured i n  a sample col lec ted  a t  S ta t ion  10 on November 7, 0.5 km (0.3 m i )  

and 102' azimuth from the  f l a r e  s tack.  

From the  h ighes t  concentrations of 3~ which were measured i n  atmospheric 

moisture samples, i t  is concluded t h a t  any d i r e c t  exposures t o  the o f f - s i t e  

population were a l l  below 0.4% of the  Concentration Guide f o r  t h i s  radio- 

nuclide. There a r e  no concentration guides f o r  3~ i n  vegetat ion or  s o i l .  

However, a l l  vegetat ion samples were na t ive ,  uncultivated shrubs, which a r e  

not  used f o r  human consumption o r  known t o  be of considerat ion i n  the  food 

chain of a rea  res idents .  

A l l  concentrations of radionuclides detected should be considered as  

maximum s ince  considerable e f f o r t  was made t o  sample a t  times, places,  and 

under atmospheric conditions when plume mate r i a l  was most l i k e l y  t o  be on 

o r  near the  surface  a t  maximum concentrat ions.  I n  addi t ion ,  much of the  

sampling of atmospheric moisture was done when s to red ,  t r i t i a t e d  water was 

being de l ibe ra te ly  in jec ted  a t  higher than normal r a t e s  i n t o  the  f l a r e .  

References t o  exposures t o  a s u i t a b l e  population sample a r e  more hypothetical  

than r e a l ,  s ince  a l l  samples containing concentrations of 3~ above estimated 

background were col lec ted  a t  unpopulated locat ions .  
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Figure 1. Nevada Test  S i t e  Location 
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F i g u r e  2 .  Nevada Test S i t e  Road and F a c i l i t y  Map 
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Figure  3.  Ground Water Flow Systems - NTS 
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F i g u r e  4.  P o p u l a t i o n  D i s t r i b u t i o n  by A z i m t h / D i s t a n c e  
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Figure 5. General Land Use, 1Tevada Test Si te  Vicinity 
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Figure  6 ,  A i r  Surveillance Network 
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Figure  7. Noble Gas and T r i t i um Su rve i l l ance  Network 
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Figure 8. Dosimetry Network 
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F i g u r e  9 .  I s o p l e t h  P l o t  of 1973 TLD Exposures 
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Figure 10. Milk Surveillance Network 
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Figure 11. Water Surveillance Network 
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F i g u r e  12. Water Surveillance Network, Las Vegas Valley 
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Figure 13. Pu-239 Concentrations i n  A i r  
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Figure 1 4 .  Pu-239 Concentrations i n  A i r  
a t  Austin, TX and Spokane, WA 
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F i g u r e  15. Pu-239 Concen t ra t ions  i n  A i r  
a t  Aberdeen, SD and S t .  Joseph ,' KO 
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Figure 1 6 .  Pu-239 Concentrations in  Air 
a t  Albuquerque, EN and Medford, OR 
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Figure 2 1. Long-Term Hydrological Monitoring Locat ions,  
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Figure 23. Long-Term Hydrological Monitoring Locations 
Cent ra l  Nevada Test  Area, F a u l t l e s s  Event 
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Figure 24. Long-Term Hydrological  Monitoring Locations, 
Fal lon,  NV, P ro j ec t  Shoal 
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Figure 25. Long-Term Hydrological  Monitoring Locations 
Rio Arr iba  County, NM, P ro j ec t  Gasbuggy 
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Table 1. Underground Tes t ing  Conducted Off t he  Nevada Tes t  S i t e  

Name of Tes t ,  
Operation o r  

P r o j e c t  Date Locat ion 

Depth 

d 
m 

Yield ( f t )  

3.1 k t f  350 
(1184) 

Purpose of t h e  Event d 

P r o j e c t  Gnome/ 12/10/61 48 km (30 mi) SE of  
coacha . Carlsbad, NM 

Mult i-purpose experimc 

P r o j e c t  Shoal 10/26/63 45 km (28 m i )  SE of 
Fa l lon ,  NV 

Nuclear t e s t  d e t e c t i o ~  
research  experiment. 

P r o j e c t  ~ r i b b l e ~  10122164 34 km (21  m i )  SW of 
(Salmon Event) Hat t iesburg ,  M I  

Nuclear t e s t  d e t e c t i o ~  
research  experiment. 

Operet ion Long 10/29/65 Amchitka I s l a n d ,  AK 
Shot 

DOD nuc l ea r  test de tec 
experiment. 

P ro j ec t  Dr ibb le  12/3/66 34 km (21  mi) SW of 
( S t e r l i n g  Event) Hat t iesburg ,  M I  

Nuclear t e s t  d e t e c t i o ~  
r e sea rch  experiment. 

P r o j e c t  ~ a s b u ~ ~ ~ ~  12/10/67 88 km (55 m i )  E of  
Farmington, NM 

J o i n t  government-indus 
gas s t imu la t i on  exper: 

F a u l t l e s s  e vent' 1/19/68 Cen t r a l  Nevada Tes t  
Area 96 km (60 m i )  E 
of Tonopah, NV 

200 k t -  914 
1 M t  (3000) 

Ca l ib ra t i on  ' t e s t .  

P r o j e c t  Miracle 2/2/69 34 km (21 mi) SW of 
Play (Diode Tube) Hat t iesburg ,  M I  

Detonated i n  Salmon/ 
S t e r l i n g  cav i ty .  
Seismic s t u d i e s .  

Non- 823 
nuc l ea r  (2700) 
explos ion  

P r o j e c t  ~ u l i s o n ~  9/10/69 19 km (12 mi) SW of 
R i f l e ,  CO 

Gas s t imu la t i on  experj  

Operation ~ i l r o w '  10/2/69 Amchitka I s l a n d ,  AK Ca l ib ra t i on  t e s t  . 

P r o j e c t  Mirac le  4/19/70 34 km (21 m i )  SW of  
Play (Humid Hat t iesburg ,  M I  
~ a t e r ) ~  

Non- 82 3 
nuc l ea r  (2700) 
explosion 

Detonated i n  Salmon/ 
S t e r l i n g  cav i ty .  
Seismic s t u d i e s .  

Operat ion 11/6/71 Amchitka I s l a n d ,  AK 
~ a n n i k i n c  

Tes t  of warhead f o r  
Spar tan  miss le  



Table 1. (continued) Underground Testing Conducted Off the  Nevada Test S i t e  

Name of Test, Depth 
Operation o r  m 

Proj  ec t  Date Location yie ldd ( f t )  Purpose of the   vent^'^ - 
Project  Rio 5/17/73 48 km (30 m i )  SW of 3x30 k t  1700 Gas st imulat ion experimc 
Blancoa Meeker, CO t o  

2000 
(5840 

t o  
6690) 

'plowshare events 

b ~ e l a  Uniform Events 

%capons tests 

'~nfonnation from "Revised Nuclear Test s t a t i s  t i c s  ,I1  d i s t r ibu ted  on January 15, 1973 ,' 
by Henry G. Ver&, l l ion ,  Director ,  Office of Information Services, U.S. Atomic Energy 
Commission, Las Vegas, Nevada. 

e 
News r e lease  AL-62-50, AEC Albuquerque Operations Office,  Albuquerque, New Mexico. 
December 1, 1961. 

f " ~ h e  Effects  of Nuclear Weapons" Rev. Ed. 1964. 



Table. 2. Sunnnary of Analytical  Procedures 

Counting Sample 
Type of Analyt ica l  Period Analytical  Size Detection 
Analysis Equipment (Mid Procedures (Li t re)  Limit 

Gamma Gamma spectro- 40-100 f o r  
Spectroscopy meter with milk and 

10-cm th ick  water sam- 
by 10-cm diam- ples ;  10-40 
eter NaI (Tl- f o r  air 

, act ivated)  f i l t e r s ;  
. c r y s t a l  with ,100 -fa( 

input  t o  200 ' 
b+3-3;7~j ,w 

&bnels '(0-2 ' .+',cC"" 

MeV) of 400- 
. f l - $  - 
\ I  ti5 

channel, pulse- 
height  analyzer. 

Low-background 50 
thin-window , 
gas-flow pro- 
por t iona l  . 
counter with a 
5.7-cm diameter 
window (80 pg/cm). 

3~ Automatic 100 
l i q u i d  0 

s c i n t i l l a t i o n  
counter with 
output p r in tek  . 

3~ Enrichment Automatic I I ~ U I $  100 
(Long- term s c i n t i l l a t i o n  
Hydrological counter with 
Samples) output p r i n t e r .  

238 23gP, Alpha spectro- 1000 - 
'234'235 2 3 8 ~  

s a meter with 45 1400 
nun2, 300 pm 
deple t ion depth 
s i l i c o n  surface  
b a r r i e r  de tec tors  
operated i n  
vacuum chanibers . 

Radionuclide 
concentra- 
t ions  quan- 
t i t a t e d  from 
gamma spec- 
trometer 
da ta  by com- 
pu te r  using 
the  matrix 
technique. 

1 

0.4-3.5 f o r  For milk and wal 
milk and water generally 1x10-j 
samples; 350m3 pCi/ml. f o r  most 
of a i r  f o r  common f a l l o u t  I 

f i l t e r  samples. nuclides i n  a sJ 
spectrum. For z 
f i l t e r s  , 1x10'~: 
p c i l m l .  

Chemical 1.0 8 9 ~ r  = 2x10-9 p( 
separa t ion by 9 0 ~ r  1 1x10-~ VC 
ion  exchange. 
Separated Sam- 
p l e  counted 
successively ; 
a c t i v i t y  cal- 
culated by 
simultaneous 
equations. 

Sample pre- 0.005 =2.2xl0-' vci/mf 
pared 'by 
d i s t i l l a t i o n .  

Sample concen- 0.25 26.  O X ~ O - ~  pCi/ml 
t r a t e d  by 
e lec t ro lyses  
followed by 
d i s t i l l a t i o n .  

Sample is 1 
digested with 
ac id ,  separated 
by ion  exchange, 
e l ec t rop la ted  on 
s t a i n l e s s  steel 
planchet and count- 
ed by alpha spec- 
trometer. 



-Table 2 .  (continued) Summary of Analytical  Procedures 

Counting Sample 
Type of Analytical  Period Analytical  Size Detection 

-Analysis Equipment (Min ) Procedures ( ~ i  t r e )  L i m i t  

2 2 6 b  Single channel 30 Prec ip i t a ted  1.5 1x10'~ p ~ i / m l  

analyzer with Ba, con- 
coupled t o  ver ted  t o  
P.M. tube detec- chloride.  
t o r .  Stored f o r  

30 days f o r  
2 2 2 ~ a  226Ra t o  
equ i l ib ra te .  
Radon gas 
pumped i n t o  
s c i n t i l l a t i o n  
c e l l  f o r  alpha 
s c i n t i l l a t i o n  
counting. 

Gross alpha Low-background 50 Sample eva- 0.2 a = 3x10-~ pci/mla 
Gross b e t a  thin-window, porated; f3 1 2x10'~ pci/mla 
i n  l i q u i d  gas-flow pro- residue 
samples por t ional  counted. 

counter with a 
5.7-cm diameter 
window (80 pg/cm2) 

Gross b e t a  
on a i r  f i l -  
ters 

Low-level end 
window, gas 
flow 
proport ional  
counter with a 
12.7-cm diam- 
e t e r  window 
(100 mg/cm2) 

F i l t e r s  10-cm 0.06 x 10-l2 pci/ml1 
counted upon diameter 
r ece ip t  and g lass  f i b e r  
at 5 and 12 f i l t e r ;  sam- 
days a f t e r  p le  col lec ted  
co l l ec t ion ;  from =350 m3. 
last two 
counts used 
t o  extra-  
po la te  con- 
cent ra t ion  
t o  mid-col- 
l e c t i o n  time 
assuming T-l 
decay o r  using 
experiment a l l y  
derived decay. 



Table 2. (continued) Summary of Analyt ica l  Procedures 

Counting Sample 
Type of Analyt ical  - Period Analyt ica l  Size Detection 
Analysis Equipment (Min) Procedures (L i t r e )  L i m i t  

= K r  Automatic 50 Physical  400- 85Kr = 5x10-li 
Xe l i q u i d  s c i n t i l -  separa t ion  by 1000 vci/mla 
CH3T l a t i o n  counter gas chroma- 

with output tography; d is -  
Xe = 2 x 1 0 ~ ~ ~  

p r i n t e r .  solved i n  ,ci/mla 
toluene "cock- CH3T = 5x10-l2 
t a i l "  f o r  count- u ~ i / m l ~  
ing  . 

%he detec t ion  l i m i t  f o r  a given sample i s  defined a s  t h a t  r ad ioac t iv i ty  which equals 
the  2-sigma counting e r ro r .  

b ~ e t e c t i o n  l i m i t  is defined a s  t h a t  concentration which produces a 225% counting 
devia t ion  a t  the  95% confidence l eve l .  ' 



Table 3 1973 Sunrmary of Analy t ica l  Resul ts  

f o r  the Noble Gas and Tr i t i um Surqe i l lance  Network 

S P ~  of 
Radioac t iv i ty  

Sampling No. Days Radio- Concentrat ions 

Locat ion Sampled a c t i v i t y  Uni t s  =Max C ~ v g  

Death Valley 316.3 5 ~ r  1 0 ~ ~ ~ p c i / m l  a i r  19 12  15 
Jet, CA 

342.3 133& 1 0 - ~ ~ u ~ i / m l  a i r  12 < 2.0 < 2.2 

328.3 CH3 T 1 0 ' ~ ~ p ~ i / m l  air < 5.0 < 5.0 < 5.0 

342.6 HTO pCi/ml H20 0.55 < 0.22 < 0.33 

342.6 HTO 10-12pci/ml air 3.7 c 0 . 5 6  < 1 . 4  

335.7 HT . 10-12pci/ml a i r  8.7 0.42 < 2.6 

Beatty, NV 342 .O 5 ~ r  1 0 ' ~ ~ p ~ i / m l  a i r  2 1 12 16 

356.0 Xe 10- p c i  /d a i  r < 2.0 < 2.0 < 2.0 

349.0 CH3 T 1 0 - ~ ~ p c i / m l  a i r  16 < 5 . 0  < 5 . 2  

327.5 HTO loo6 pCi/ml Hz0 0.97 < 0.22 < 0.39 

327.5 HTO 1 0 - ~ ~ v ~ i / m l  a i r  5.2 < 0.49 < 2.0 

258.8 HT 1 0 ~ ~ ~ p c i / m l  air I3 < 0.50 < 3.4 

343.2 5 ~ r  10-12pci/ml a i r  2 2 12 16 

357.1 133- 1 0 - ~ ~ p ~ i / m l  a i r  30 < 2.0 < 3.1 

350.2 CH3T 1 0 - ~ ~ p ~ i / r n t  air  5.1 < 5.0 < 5.0 

349.5 HTO pCi/ml Hz0 < 0.77 < 0.22 < 0.39 

356.5 HTO 1 0 - ~ ~ p ~ i / m l  air < 6.6 < 0.69 < 2.0 

320.7 HT 1 0 - ~ ~ v ~ i / r n l  a i r  5.2 < 0.50 < 1.9 

337.9 =Kr 1 0 - ~ ~ ~ ~ i / d  a i r  19 12  16 - 
335.8 133% 1 0  1 2 v ~ i / d  air 9.2 < 2.0 < 2.1 - 
349.9 CH3T 1 0  12pci/ml a i r  7.5 ~ 5 . 0  < 5 . 1  

349.5 HTO 10'~ pCi/ml H20 0.63 < 0.21 < 0.30 

349.5 HTO 1 0 - ~ ~ p C i / m l  a i r  6.3 < 0.48 < 1 . 7  

300.5 EFT 10"2p~i lml  a i r  4.2 < 0.50 < 1 . 2  



Table 3 1973 Summary of Ana ly t i ca l  Resul t s  

f o r  the Noble Gas and Tr i t ium Surve i l lance  Network 

5 p e  of Radioac t iv i ty  
Sampling No. Days Radio- Concentrations 

Locat ion Sampled a c t i v i t y  Units  . 'AV g 

L a s  Vegas, NV 314.3 5 ~ r  10- p ~ i  /d air 20 1 2  1 6  
moo 335.1 13 3% 10'12p~i/ml a i r  1 5  < 2.0 < 2.5 

335.1 CH3T 1 0 - ~ ~ p ~ i / m l  a i r  7.0 < 5.0 < 5.0 

354.6 HTO pCi/ml H 2 0  1 .5  < 0.22 < 0.35 

354.6 KT0 10-12pci/ml a i r  6.8 < 0.31 < 1.5 

288.7 HT 1 0 ' ~ ~ p c i / m l  air 4.3 < 0.50 < 1.2 

NTS, NV 335.0 8 5 ~ r  1 0 - ~ ~ u ~ i / m l  air .2 1 13 16 
Desert Rock 342.1 133% 1 0 - ~ ~ p c i / m l  air 13 < 2 . 0  e 2 . 5  

342.0 CH3 T 1 0 ' ~ ~ v ~ i / m l  a i r  13  < 5.0 < 5.3 

357.7 HTO loo6 pCi/ml H 2 0  1.4 < 0.22 < 0.42 

357.7 HTO 1 0 ' ~ ~ p ~ i / m l  a ir  5.0 < 0.50 < 1.9 

274.8 El' 1 0 ' ~ ~ p ~ i / m l  air  c 2 . 7  < 0 . 5 0  <1.2 

'NTS, NV 358.2 * 5~ 1 0 - ~ ~ ~ i / m l  air 2 7 13 18 
m' 351.3 13 3 xe 1 0 - ~ ~ p C i / m l  air 240 < 2.0 <30 

358.2 C83T 10'12pci/ml air . 17 < 5.0 < 6.1 

357.6 HTO pCi/ml  H z 0  26 0.35 < 5.7 

357.6 HTO 1 0 - ~ ~ p ~ i / m l  air 120 0.66 <25 

279.6 KT 1 0 ~ ~ ~ p ~ i / m l  air 21 < 0.50 < 4.4 

NTS, NV 323.1 85Kr l ~ - ~ ~ p ~ i / m l  a i r  20 1 3  1 6  
Gate 700 344.2 13 3 X, 10"~p~ i /ml .  a i r  16 < 2.0 3.3 

337.2 CH3T 1 0 ' ~ ~ p ~ i / m l  a ir  8.3 < 5.0 < 5.2  

327.6 HTO 10'~ pCi/ml 1120 1 .5  < 0.23 < 0.56 

327.6 I3TO 1 0 " ~ p ~ i / m l  a i r  7.9 ~ 0 . 5 9  e 2 . 5  

274.8 In 10'12p~i/ml air 7.2 0.62 e 2 . 6  



Table 3 1973 Summary of Analytical Results 

for  the  Noble Gas and Tritium Surveillance Network 

5 p e  of 
Radioactivity 
Concentrations 

Sampling No. Days Radio- 
Location Sampled a c t i v i t y  Units %ax . C ~ v  g 

NTs, 315.3 8 5 ~ r  1 0 - ~ ~ p c i / m l  a i r  21 12 16 
Area 12  316.1 133% 1 0 " ~ p ~ i / m l  a i r  16 < 2.0 < 2.3 

322.3 CH3T 10- l2 p c i l h .  a i r  8.7 < 5.0 < 5.1 

356.7 HTO pCi/ml H20 6 6 0.35 9.6 

356,7 In0 1 0 ' ~ ~ p ~ i / m l  air 270 3.5 40 

* 300.9 HT 10'~~,ci/ml a i r  24 < 0.68 < 5.8 

Tonopah, NV 350.8 'Kr 1 0 - ~ ~ p ~ i / m l  air  2 1 13 16 

356.9 Xe 10-12p~i/ml a i r  < 2.0 < 2.0 < 2.0 

349.9 CH3 T 1 0 - ~ ~ p C i / m l  a i r  18 -c 5.0 < 5.5 

357.4 HTO pCi/ml H20 0.75 < 0.23 < 0.34 

I 3>7.4 . HTO 1 0 ' ~ ~ y ~ i / m i  a i r  4.7 @< 0.78 * < 1.6 : 
' . 

' 336.4 HT 1 0 ' ~ ~ p ~ i / m l  air 4.0 < 0.50 < 2.1 



Table 4. 1973 Summary of Background Rad ia t i on  Doses f o r  t h e  Dosimetry Network 

Annual 
Adjusted 

Background 
Background Dose Dose 

' S t a t i o n  Measurement Equivalent  Rate  (mremld) Equivalent  
Locat i on  Per iod  Max. i n .  Avg. (mrem/a) 

Adaven, NV 

Alamo, NV 

Ash Meadows, N V ~  

Baker, CA 

Barstow, CA 

Beatty,  NV 

Bishop, CA 

Blue Eagle  Ranch, IW 

Blue Jay,  NV 

Cactus Springs,  NV 

Cal ien te ,  NV 

Casey's Ranch, IN 

Cedar City, UT 

Clark S t a t i on ,  NV 

Coyote Summit, NV 

Currant,  NV 

Death Val ley  J c t . ,  CA 

Desert  Game Range, IN 

Diablo Maint. S ta . ,  IJV 

Duckwat e r ,  NV 

Elgin,  NV 

Ely, NV 

Ente rp r i s e ,  VT 

1/4/73 - 1/8 /74  0.43 ~ 0 . 1 0  ~ 0 . 2 6  Furnace Creek, CA , < 90 

. Geyser Maint. Sta . ,  NV 1/8/73 - 1/14/74 0.48 0.23 0.37 140 

Goldfield,  NV 1/15/73 - 1/8/74 0.47 0.25 0.35 130 

Groom Lake, NV 1/10/73 - 1/17/74 0.46 0.14 0.30 110 

Hancock Summit, PW 1/10/73 - 1/7/74 0.60 0.36 0.49 180 

Hiko, NV 1/8/73 - 1/7/74 0.36 <0.10 ~ 0 . 2 6  < 90 



Table 4, 1973 Summary of Background Radia t ion  Doses f o r  t h e  Dosimetry Network 

Annual 
Adjusted 

Background 
Bac kgr ound Dos e Dose 

S ta t ion  Measurement Equivalent Rate (mremld) Equivalent 
Location Period Max. X n .  Avg. (mremla 

Hot Creek Ranch, NV 1/11/73 - 1/17/74 

Independence, CA 1/3/73 - 1/16/74 

Indian Springs, NV 1/11/73 - 1/7/74 

Kirkeby Ranch, NV 1/12/73 - 1/14/74 

Koynes, hV 1/10/73 - 1/9/74 

Las Vegas (McCarren), NV 11/14/72 - 1/14/74 

Las Vegas (Placak),  NV 1/12/73 - 1/14/74 

Las Vegas (USDI), NV 1/12/73 - 1/14/74 

Lathrop Wells, NV . 1/9/73 - 1/9 /74  

Lone Pine,  CA 1/3/73 - 1/16/74 

Lida, NV 

Lund, NV 

Manhattan, NV 1/16/73 - 1110174 0.46 0.23 0.36 130 

Mesquite, ErV 

Nevada Farms, NV 

Nuclear Eng. Co., NV 

Nyala, NV 

Olancha, CA 

Pahrump, NV 

Pine Creek Ranch, NV 

Pioche, NV 

Queen Ci ty  Summit, NV 

Reed Ranch, NV 

Ridgecrest ,  CA 

Round Hountain, NV 

S t .  George, UT 

Sco t ty ' s  J c t . ,  NV 

Selbach kanch, NV 



Table 4. 1973 Sumnary of Background Radia t ion  Doses f o r  t h e  Dosimetry Network 

Annual 
Adjusted 

Background 
Background Dose Dose 

S t a t i o n  Measurement Equivalent Rate (mredd)  Equivalent 
Location Per iod  Max. Min. Avg. (mrem/a ) 

Sher r i ' s  Bar, NV 1/8/73 - 1/7/74 0.39 0.10 0.26 90 

Shoshone, CA 1/2/73 - 1/17/74 0.49 0.26 0.36 13  0 

Springdale,  NV 1/10/73 - 1/10/74 0.54 0.33 0.41 150 

Spring Meadows, NV 

Sunnyside, NV 

Tempiute, NV 

Tenneco, NV 

Tonopah (Airport)  , NV 
Tonopah Tes t  Range, NV 

Twin Springs Ranch, NV 

Valley View Ranch, N 8  

Warm Springs,  NV 

Young's Ranch, NV 

a 
S t a t i o n  de l e t ed  i n  August 1973 

b~ame  l o c a t i o n  a s  W a r m  Springs Ranch repor ted  i n  1972 r epo r t .  ' 



Table 5 Anomalous TLD Readings i n  1973 
d 

Personnel  TLD's 

Personnel  Measurement Period TLD Readings 
Location I s sue  Date Col lec t ion  Date (mrem) 

8/6/73 9/11/73 Indian Springs, NV 2,400 

Desert Game Range, NV 3/9/73 4/9/73 
9/10/73 10123173 

10/23/73 1/18/74 

S t a t i o n  TLD's 

Desert  Game Range, ' NV 

S t .  George, UT 

Casey 's Ranch, NV 

Groom Lake, NV 

Tempiute, NV 

Death Valley J c t  , CA 

Fur'nace Creek, CA 

a 
Independence, CA ' 

# 

a 
Anomalous va lues  

,Note: Values w i th  a minus s i g n  i n d i c a t e  t h a t  t he  t o t a l  exposure on the TLD was l e s s  
than t h a t  which would be expected from a combination of the internal TLD 
background and t r a n s i t  time. 



Table 6 1973 Summary of Analytical Results for the H l k  Surveillance Ketwork 

No. Type of , Radioactivity Conc . 
Sampling Sample of Radio- 10'9vcilml 

' Location Typea Samples ac t iv i ty  %ax 'AV g 

Bishop, CA 
Sierra Farus 

Kinkley, CA 12 10 1 3 7 ~ s  <lo0  < 10 < 19 
B i l l  Nelson Dairy' 

4 09sr < 2.0 < 1.9 < 2.0 

Olancha, CA 13 . Bunter Ranch 

Alamo, NV 
Williams Dairy 

Austin, NV 13 9 13'Cs . < l o  < 18 < 10, 
Young's Ranch . ' , 

4 8 9 ~ r  < 2.0 < 2.0 < 2.0 



Table 6 .  1973 Sunnnary of Analytical Results for  the Milk Surveillance Network 

, Radioactivity Conc. No. Typeof 
of Radio- 

10 -~pc i  /uil 
Sampling Sample 
b c a t i o n  '&pea Samples act iv i ty  CMax C ~ v g  

Currant, NV 13 8 1 3 7 ~ s  < 100 c10 <34 
Blue Eagle Ranch 

3 8 9 ~ r  < 3.0 < 2.0 < 2.3 

Currant, NV 
Manzonie Ranch 

Hiko, NV 
Schof i e l d  Dairy 

Indian springs, NV 19 3 
Indian Springs Ranch 

'9 

Las Vegas, NV 
LDS Dairy Farms 



Table 6 1973 Sunnnary of Analytical  Results f o r  the  Milk Surveil lance Network 

No. Typeof , Radioactivi ty Conc . 
Samp 1 ing Sample of Radio- 

1o-gllci/ml 

Location ~ y p e ~  Samples a c t i v i t y  C ~ a x  ' ~ n  ' A V ~  

Lathrop Wells, NV 13 10 l3 'CS < 10 < 10 < lo  
W i l l i a m  J. Kirker 

4 8 9 ~ r  < 2.0 < 1.0 < 1.8 

Lida, NV 1 3  7 1 3 7 ~ s  e  100 e l 0  < 23 
Lida Livestock Company ' 

3 8 9 ~ r  < 2.0 < 2.0 < 2.0 

L o h d a l e ,  NV 
Vegas Valley Dairy 

Lund, NV 12  
McKenz i e  Dairy 

b s q u i t e ,  NV 12 
Ilughes Bros. Dairy 



Table 6 1973: Summary of Analytical Results for the Milk Surveillance Network 

No. Typeof 'Radioactivity Conc. 

Sampling ' S amp l e  of Radio- 
10-~p~i/ml.  

Location l'pea Samples activity '~vp, . 

Mapa, NV 
Searles Dairy 

Nyala, NV 
Sharp ' s Ranch 

Pahrump, NV 
Owens Ranch 

Panaca, NV 
Kenneth Lee Ranch 

Round M t . ,  NV 
Russell Berg Ranch 



Table 6 1973 Summary of Analyt ica l  Results  f o r  the Milk Survei l lance  Network 

No.' Type of ~ a d i o a c t i v i  ti Conc. 

S amp1 ing Sample o f Radio- l ~ ' ~ ~ ~ i / m l  

Locat ion  Typea Samples a c t i v i t y  CMax ' A V ~  

Round Mt . , NV 1 3  7 1 3 7 ~ s  < 10 < 10 < 10 
Karl Berg Ranch 

3 8 9 ~ r  < 3.0 < 2.0 < 2.3 

Shoshone, NV 
Kirkeby Ranch * 

Springdale,  NV 
Seidentopf Ranch 

Cedar City,  UT 
Western Gold Dairy 

St .  George, UT 
R. Cox Dairy 

- - 

ail = Pasteur ized  Milk 
12 = Raw Milk from Grade A Producer(s) 
13 = Raw Milk from family cow (s) 



Table 7 1973 Summary of Analytical Results for the Water Surveillance Network - 
Surf ace Water Samples 

X of 
Sampling Sample Collection m e  of 

' Concentration 

Location Typea Date Radioactivity pCi/ml) Guide 

Furnace Creek, CA 21 03/01/73 8 9 ~ r  
Pond 9 0 ~ r  

Olancha, CA 
Haiwee R e s  enroir 

s Alamo, NV 2 1 03/01/73 
Pahranagat Lake 



Table 7 1973 Summary of Analytical Results for the Water Surveillance Network 

Surf ace Water Samples 

% of 
Sample Collection V P ~  of 

Concentration 
Sampling 
Location Typea Date Radioactivity (10' p ~ i / m l )  Guide 

Ash Meadows, NV 2 1 04/10/73 8 9 ~ r  < 2.0 < 0.20 
Ash Meadows Pond 9 0 ~  r < 1.0 < 1.0 

2 2 6 ~ a  0.71 7.1 

Diablo, NV 
Reed Ranch 

E ~ Y ,  NV 
Comins Lake ' 



Table 7 1973 Summary of Analytical Results for the Water Surveillance Network - 
Surf ace Water Samples 

g. of 
S amp l i n g  Sample Collection Type of 

Concentration Cone. 

Locat ion Typ ea Date Radioactivity ( 1 0 - ~ ~ ~ i / m l )  Guide 

Hiko, NV 2 7 
Crystal Springs 

Las  Vegas, NV 2 1 02/12/73 
Lake Mead Vegas Wash 

Las Vegas, NV 2 1 02/09/73 
Tule Springs Pond 



Table 7 1973 Summary of Analytical Results for the Water Surveillance ?iet.jork 

Surface Water Samples 

% of 
Sample Collection Type of 

Concentration Cone 
Sampling 
Location Typ ea Date Radioactivity (10 '~u~i /ml)  Guide 

Lida, NV 21 02/05/73 8 9 ~ r  
Pond at  Storage Tank 9 0 ~ r  

Springdale, NV 21 04/10/73 
Pond 

Sunnysi de , NV 21 04/17/73 
Adam McGill Reservoir 



Tab le  7 1973 Summary of A n a l y t i c a l  Resu l t s  f o r  t h e  Water Su rve i l l ance  Network - 
Sur face  Water Samples 

' Concentrat ion 
X of 

Sampling Sample C o l l e c t i o n  Type of Conc . 
Locat ion  Typ ea Date Radioac t iv i ty  (10- 9 ~ ~ i / r n l )  Guide 

Warm Spr ings ,  NV 21  04/11/73 8 9 ~ r  
F a l l i n i  ' s Pond 9 0 s r  

226R, 

23 ~ P U  

23 9pu 
2 3 4 ~  

23SU 

23 eU 

a 21 = Pond, Lake, Reservoir ,  Stock Tank, S tock  Pond 
27 = Spr ing  



Table 8 1973 Summary of Tr i t ium Results  f o r  the  Water Survei l lance  Network 

3~ Concentration 
10'~ pCi/ml % of 

Sampling Sample No, of Conc . 
Location Typea Samples  ax  in 'AV g Guide 

Death Valley Jct, CA 23 9 480 <230 <300 <0.030 
L i l a ' s  Cafe 

Ash Pleadows, NV 23 4 ~ 2 5 0  ~ 2 4 0  ~ 2 5 0  C0.025 
Ash Meadows Lodge 

Blue Diamond, NV 23 10 <380 ~ 2 4 0  <260 <O .026 
Post  Off i c e  

Cactus Springs, NV 27 10 290 ~ 2 3 0  <250 q0.025 
Mobil Ser.  Sta.  

Las Vegas, NV 24 10 1100 7 00 860 0.086 
Lab 11, NERC 

 as veg&, NV 2 1  10 1300 640 890 0.089 
Lake Mead Vegas Wash 

Las Vegas, NV 
Tule Springs 

Las Vegas, NV 23 10 ~ 2 6 0  ~ 2 3 0  <250 ~ 0 . 0 2 5  
Craig  Rch. Golf Course 

Las Vegas, NV 23 10 <260 ~ 2 3 0  <250 <O.  025 
k n i c i p a l  Golf Course 

L a s  Vegas, NV 
Vegas E s t a t e s  . 

Las Vegas, NV 23 10 ~ 2 6 0  <230 ~ 2 5 0  <0.025 
L.V. Water D i s t .  W e l l  28 

Las Vegas, NV 23 10 460 <230 <270 ~ 0 . 0 2 7  
Desert Game Range 

e 

M t .  Charleston,  NV 2 7 10 350 ~ 2 3 0  <260 <O .026 
Kyle Cnyn. F i r e  Sta.  

S c o t t y ' s  J c t ,  NV 23 10 390 <220 ~ 2 8 0  < O  .028 
Chwron Ser. S t a .  

a21 = Pond, Lake, Reservoir,  Stock Tank, Stock Pond 
23 = Well 
24 = M r l t i p l e  Supply - Mixed (A water sample cons i s t ing  of mixed or  n u l t i p l e  

sources of water, such a s  w e l l  and spr ing. )  
27 = Spring 



Table 9 Plutonium-239 i n  A i r  Samples - Near t h e  NTS 

Downwind 2 3 9 ~ ~  Upwind 239F'u F Ratioa 
Concentrat ion Concentrat ion Downwirrd 

Location Date (10-l 5 p ~ i / m l )  Date 1 0  5 ~ i / l  vs Upwind 

Furnace Creek, CA 2120171 <0.05 41 20171 0.20 No d i f f e r e n c e  
10/30/72 <O. 04 12/7/72 0.051 

Death Valley J c t .  2120171 0.20 5/2/71 0.20 No d i f f e r ence  
C A 3/31/71 0.12 5/3/71 0.20 

10124172 0.10 1012172 <O. 065 
10128172 <0.07 12/6/72 <O. 048 
12/13/72 < O  .03 12/7/72 0.055 

Beatty, NV 2/3/71 
2/25/71 
3 /1 /71  
3/17/71 
10/28/71 
4/25/72 

S i g n i f i c a n t  
d i f f e r ence  

Diablo, NV 4120171 
5/4/71 
5/26/71 

No d i f f e r e n c e  

S i g n i f i c a n t  
d i f f e r e n c e  

Probable 
d i f f e r e n c e  

Ind ian  Springs,  NV 3/13/71 
4/25/72 

Lathrop Wells, NV 3/18/70 
9/25/70 
3/18/71 
10/24/72 

No d i f f e r e n c e  

No d i f f e r e n c e  

No d i f f e r e n c e  

Pahrump, NV 5/17/71 
10/30/72 

Sco t ty ' s  J c t . ,  NV 2/19/70 
3/31/71 



Table 9 Plutonium-239 i n  Air Samples - Near t h e  NTS 

Downwind 9Pu Upwind 23 9 ~ u  F IIatioa 
Concentrat ion concen t r a t ion  Downwind 

Locat i o n  Date (lo- 5 ~ ~ i / d )  Date ( 1 0 - ~ ~ ~ ~ i / m l )  vs Upwind 

Warm Springs,  NV 3/12/71 0.14 2/19/70 <0.09 No d i f f e r e n c e  
3/26/71 <O. 08 3/18/70 0.23 
41 25/71 0.13 3/31/70 0.10 

213 17 1 <0.60 
2120171 <O. 60 
3/17/71 0.20 
3/31/71 0.12 

a Computation made on n a t u r a l  logar i thm of t he  Pu-239 concent ra t ion .  



Table 10 1973 Summary of Ana ly t i ca l  Resul t s  f o r  t h e  NTS Ibn th ly  Long-Term 
Hydrological Monitoring Program 

Radioac t iv i ty  Conc. 
No. No. Type of ~ C i l m l  

% of 
Sampling S amp 1 es Samples Radio- C onc 

Collected ~ n a l y z e d ~  a c t i v i t y  'ma, 'min 'avg 
'b 

Location Guide 

NTS 
Well 20A-2 

NTS 
Well 8 

NT S 

Well 5-12 

~ 6 . 4  

<I. 0 

~ 0 . 9  

c o .  02 

C0.010 

0.94 

0.013 

0.10 



Table 10 1973 Summary of Ana ly t i ca l  Resu l t s  f o r  t h e  ? T S  mnth ly  Lonp-Terv 
Hydro l o g i c a l  Moni t o r i n e  Program 

Type of 
Radioac t iv i ty  Conc. 

No. No. pCi/ml % of 
Sampling Samples Samples Radio- Conc , 
Location Col lec ted  Analyzeda a c t i v i t y  Cmax 'min 'avg b i d e 1  

NTS 
Well U3CN-5 

NTS 
Well A 

NTS 
Well C 



Table 10  1973 Summary of Ana ly t i ca l  Resul t s  f o r  t h e  NTS Monthly Long-Term 
Hydrological Monitoring Propram 

No. No. Type of Radioac t iv i ty  Conc. 
pCi/ml % of 

Sampling Samples Samples Radio- Conc . 
Locat ion Collected ~ n a l y z e d ~  a c t i v i t y  Cmx 'min 'avg a i d e b  

NTS 
Well 5 C  

NT S 
Army Well No. 1 

Beatty, NV 9 3 
Well l lS/48-ldd 4 

a = Some samples a r e  s t i l l  t o  be  analyzed f o r  p a r t i c u l a r  nucl ides ,  e s p e c i a l l y  3 ~ .  

D 
= ,  A l l  on-NTS percent  ages a r e  f o r  r a d i a t i o n  workers. ~ll&$ercentages a r e  f o r  

an i n d i v i d u a l  i n  an uncont ro l led  a rea .  

f ?'I 



Table 11 1973 Summary of Analytical Results for 

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

Type of 
Sampling Sample Radio- Radioactivity Conc. % of Conc. 
Location Dare ~~~e~ act iv i ty  1 0 - ~ u ~ i / m l  ~ u i d e ~  

Well UE 19G-S 7 1 3  23 3~ 
NTS 8 9 ~ r  

9 0 ~ r  
2 3  *PU 
2 3 9 ~ ~  
2 3 4 ~  
2 3 SU 
238u 

2 2 6 ~ a  

Well UE 15d 1/18 
NTS 

Well UE 15d 715 
NTS . 

Well 2 
NTS 



. -  Table 11 1973 Summary of Analytical Results for 

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

Type of 
Sampling Sample Radio- Radioactivity Conc. X of Conc. 
Location Date ~ ~ p e ~  act iv i ty  l ~ - ~ ~ ~ i / m l  ~ u i d e ~  

Well 2 
NTS 

Well C-1  
NTS 

Well C-1  
NTS 

Well UE 5c 1/18 
NTS 

Well UE 5c 712 
NTS 



Table 11 1973 Summary of Analytical Results for 

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

Type of 
Sampling Sample Radio- Radioactivityconc. %ofConc .  
Location Date ~~~e~ act ivi ty  l ~ - ~ l . ~ c i / m l  ~ u i d e ~  

Well UE 5 c (continued) 
NTS 

Well 5B 1/17 
NTS 

Well 5B 
NTS 

watertown NO. 3 1/18 
NTS . 

Watertown No. 3 7/6 
NTS 



Table 11 1973 Summary of  Ana ly t i ca l  Resul t s  f o r  

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

Type of 
Sampling S amp le Radio- 
Location Date Typea a c t i v i t y  

Crys t a l  Pool 1/ 30 2 7 3~ 
Ash Meadows, NV 8 9 ~ r  

9 0 ~ r  
238Pu 
2 3 9 ~ ~  
134u 
2 3 5 ~  
2 3 8~ 
2 2 6 ~ a  

Crys t a l  Pool 7/11 27 3~ 
Ash Meadows, NV 8 9 ~ r  

9 0 ~ r  
238Pu 
2 3 9 ~ ~  
2 3 4 ~  
2 3 5 ~  
2 3 8 ~  

2 2 6 ~ a  

Well 18S/51E-7DB, 1 /30  2 3 
Ash Meadows, NV . 

Well 17S/50E-14CAC 1/29 2 3 
Ash Meadows, NV 

Well 17S/50E-14CAC 7/11 23 
Ash Meadows, NV 

Radioac t iv i ty  Conc. % of Conc. 
1 0 - ~ u ~ i / m l  ~ u i d e ~  



Table  11 1973 Summary of Ana ly t i ca l  Resu l t s  f o r  

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

Type of 
Sampling Sample Radio- Radioac t iv i ty  Conc. X of Conc. 
Location Date ~~~e~ a c t i v i t y  l ~ ' ~ u c i / d  ~ u i d e ~  

Fairbanks Springs 1 / 2 9  2 7 3~ 
Ash Meadows, NV 8 9 ~ r  

9 0 ~ r  
2 3 8 ~ u  
2 3 9 ~ ~  
2 34u 

2 3 5 ~  
2 3 eu 

Fairbanks Springs 7/11 27 3~ NO DATA 
Ash Meadows, NV 8 9 ~ r  ~ 2 . 0  <0.07 

9 0 ~ r  d . 3  < O .  4 
38pu <o .014 co.01 
9pu <o .010 co.01 

2 3 4 ~  1 .3  <O .01 
2 3 5~ 0.616 <o. 0 1  
2 3 8 ~  0.40 < O . O 1  

City Supply 11 31 2 3 
Bea t ty ,  NV 

Ci ty  Supp ly  7/10 2 3 3~ 15.0 < O .  01  
Beatty, NV 8 9 ~ r  ~ 1 . 0  < O .  03 

9 0 ~ r  <1.0 < O .  3 
2 3 8 ~ u  < O .  044 <O. 01 

91Ju <O.  020 <0.01 
234u 6.7 <O.  01  
2 3 5u 0.051 <0.01 
2 3 8 ~  1 .8  < O .  01 

Nuclear Engineer- 1/25 2 3 H 
i n g  Co. 8 9 ~ r  
Beatty, NV 9 0 ~ r  

2 3 8 ~ ~  
2 3 9 ~ ~  
2 3'tU 
2 3 5u 
2 3 8 ~  



Table 11 1973 Summary of Analytical  Results f o r  

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

5 p e  of 
Sampling S amp le Radio- Radioactivity Conc. % of Conc. 
Location Date ~~~e~ a c t i v i t y  1 0 - ~ ~ 1 c i / m l  ~ u i d e b  

Nuclear Engineer- 7/10 2 3 3~ $3.7 <O . O 1  
ing Co. 8 9 ~ r  d . 0  <0.01 
Beatty, NV 9 0 ~ r  ~ 1 . 0  <0.01 

2 3 8 ~ u  <O .040 <O .01 
2 3 9 ~ u  <O . G14 <O .01 
2 3 4 ~  5.7 <o. 01  

2 3 5~ 0.064 <0.01 
23EU 1.9 <O. 0 1  
2 2 6 ~ a  0-32 1.1 

USAF No. 1 1/24 
Indian Springs, 
NV 

USAF No. 1 7/12 
Indian Springs, 
NV 

Sewer Co. Inc. 1/24 
Well No. 1 
Indian Springs, NV 

Sewer Co. Inc. 7/12 
Well No. 1 
Indian Springs, NV 



Table 11 1973 Summary of  Ana ly t i ca l  Resul t s  f o r  

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

Type of 
Sampling Sample Radio- Radioac t iv l ty  Conc. % of  C nc. 
Locat ion Date 'Iypea a c t i v i t y  1 0 - ~ p ~ i / m l  Guide g 

Sewer Co. Inc. (continued) 2 3 8 ~ u  <O. 045 <0.01 
Well No. 1 2 3 9 ~ u  <O. 048 <O. 0 1  
Indian Springs,  NV 2 3 4 ~  2 . 8  < O .  0 1  

2 3 5 ~  0.019 <0.01 
2 3 8 ~  0.56 <o .01 
2 2 6 ~ a  0.42 1.4 

Ci ty  Supply 1/24 2 3 3~ 
Lathrop Wells, e9sr 
NV 9 0 ~ r  

2 3 8 ~ ~  
2 3 9 ~ ~  
2 3 4 ~  
2 3 5 ~  
2 3 8~ 

ci ty supply 71i1 
Lathrop Wells, ' 

NV 

. 
@ Shoshone Spring 

,Shoshone, CA 

Shoshone Spring 
Shoshone, CA 



Table 11 1973 Summary of Ana ly t i ca l  Resul t s  f o r  

NTS Semi-Annual Long-Term Hydrological Monitoring Program 

Type of 
Sampling S  amp l e  Radio- Radioac t iv i ty  Conc. % of Conc. 
Location Date ~~~e~ a c t i v i t y  1 0 - ~ p ~ i / m l  ~ u i d e ~  

Goss Springs 1 / 3 1  2 7  3~ <6.1 <0.01 
Springdale ,  NV 8 9 ~ r  4 . 4  <O .05 

9 0 ~ r  <0.95 <0.3 
~ P U  <o. 020 <o. 01  

239pu <o.  (320 <0.01 
2 3 4 ~  8.0 < O .  01 
2 3 5 ~  0.085 <0.01 
238u 1.7 < O .  01 

Goss Springs 7/10 2  7 H 
Springdale ,  NV 8 9 ~ r  

90sr 

a  23 - Well C 

27 - Spring . 

b ~ l l  on-NTS percentages a r e  f o r  r a d i a t i o n  workers. A l l  of f-NTS percentzges a r e  ' 
f o r  an ind iv idua l  i n  an uncontrol led a rea .  



~ a ~ l e  1 2  1973  Sunnnary of A n a l y t i c a l  R e s u l t s  

f o r  Off-NTS Long-Term H y d r o l o g i c a l  Moni to r ing  Program 

Depth Type of 
Sampling Sample Metres Radio- R a d i o a c t i v i t y  Conc. % of Conc. 
Loca t ion  Date  Typea a c t i v i t y  1 0 ' ~ p ~ i / r n l  Guide 

PROJECT RULISON 

Rul i son ,  CO 5 /20 2 3  
Lee L. Hayward Ranch 

R u l i s o n ,  CO 5 /20 23 
Glen Schwab Ranch 

Grand V a l l e y ,  CO 5/19 2 3  H 420 
A l b e r t  Gardner Ranch 2 2 6 ~ a  0.14 

Grand V a l l e y ,  CO 5/19 . 2 7  
C i t y  Water 

Grand V a l l e y ,  CO 5 /20 27 
300 Yds. N.W. of G . Z .  

Anvi l  Points, CO 5/19 2 7 .  . 

.Bernklau Ranch 

Grand V a l l e y ,  CO 
Ba t t l emen t  Creek 

Grand V a l l e y ,  CO 
CER Water Well 

Ru l i son ,  CO 
P o t t e r  Ranch 

PROJECT DRIBBLE 

3/28 23  3~ f@ Baxterville, >IS -* 

C i t y  ljater 

B a x t e r v i l l e ,  MS 
Lower L i t t l e  Creek 

Tatum S a l t  Dome, MS 
HT- 2 C 



Table  12 1973 Summary o f  A n a l y t i c a l  R e s u l t s  

f o r  Off-NTS Long-Term Hydro log ica l  Moni tor ing Program 

Depth Type o f  
Sampling Sample Metres Radio- R a d i o a c t i v i t y  Conc. % of  Conc. 
Loca t ion  Date ~~~e~ ( ~ e e t ) ~  a c t i v i t y  1 0 - ~ 1 . 1 ~ i / m l  Guide 

Tatum S a l t  Dome, MS 3/25 23  
HT-2M 3/27 23 

Tatum S a l t  Dome, MS 3/26 2 3  
HT-4 

Tatum S a l t  Dome, MS 3/26 23 1 8 3  H 
(600) HT-5 



Table  1 2  1973 Summary of A n a l y t i c a l  R e s u l t s  

f o r  Off-NTS Long-Term Hydro log ica l  Moni tor ing Program 

Depth Type o f  
Sampling Sample 'Metres Radio- R a d i o a c t i v i t y  CORC. % o f  Conc 
Loca t ion  - Date ~~~e~ ( ~ e e t ) ~  a c t i v i t y  1 0 - ~ ~ ~ i / m l  Guide 

T a t u m S a l t D o m e , M S  3/26 23  2 82 H <240 1 0 . 0 1  
E- 7 (924) 

B a x t e r v i l l e ,  MS 3/26 22 3~ <240 < O .  0 1  
Half Moon Creek 

Half  Moon Creek 3/26 22 
Overflow 

B a x t b r v i l l e ,  MS 3/28 23 
T. S p e i g h t s  Residence 

B a x t e r v i l l e ,  MS 3/28 23  
R. L. Anderson 
Residence 

B a x t e r v i l l e ,  XS 3/28 .  23  
M. Lowe Residence 

B a x t e r v i l l e ,  MS 3/28 2 3  
R. Ready Residence 

B a x t e r v i l l e  , MS 3/28 23  
W. ~ a n i e l s ,  Jr .  ' 

Residence 

Lumberton, MS 3/29 2 3  
C i t y ,  Water Well  No. 2 

P u r v i s ,  MS 3/29 23 
C i t y  Water 

Columbia, MS 3/29 23 
C i t y  Water Well 
No. 64B 

B a x t e r v i l l e ,  MS 3/26 2 1  
Pond West of G . Z .  



- Table  12 1973 Summary o f  A n a l y t i c a l  R e s u l t s  

f o r  Off-NTS Long-Term Hydro log ica l  Moni tor ing Program 

Depth Type o f  
Sampling Sample Metres Radio- R a d i o a c t i v i t y  Conc. % of Conc. 
Loca t ion  Date Typea ( F e e t l b  ' a c t i v i t y  1 0 - ~ ~ ~ i / m l  Guide 

FAULTLESS EVENT 

Blue J a y ,  NV 4/12 
Highway Maintenance 
S t a t i o n  

Warm S p r i n g s ,  NV 4 / 1 1  
Hot Creek Ranch 

Blue J a y ,  NV 4 / 1 1  
S i x  Mile Well 

S i t e  C ,  NV 
HTH- 2 

PROJECT SHOAL 

Frenchman, NV 8/22 
~ r e n c h m a n  S t a t i o n  

Frenchman, NV' 11/29 
HS-1 

Frenchman, NV 8/22 
H-3 

Frenchman, NVC 11/29 
H- 3 

Frenchman, NV 11/29/72 
Flowing Well  No. 2 

Frenchman, NV 8 /22 
Flowing Well No. 2 

Frenchman, NV' 11/29 
Hunt ' s  S t a t i o n  



Table  12 1973 Surrmary of  A n a l y t i c a l  R e s u l t s  

f o r  Off-NTS Long-Term d y d r o l o g i c a l  Moni tor ing Program 

Depth Type of  
Sampling S a ~ p l e  Metres  Radio- R a d i o a c t i v i t y  Conc. % of  Conc. 
Locat i o n  Date ~~~e~ ( ~ e e t ) ~  a c t i v i t y  1 0 - ~ ; 1 ~ i / r n l  Guide 

PROJECT GASBUGGY 

Gobernador,  iQl 7/25 2 7 
Arnold Ranch 

Gobernador, ?SM 1116 2 7 
Arnold Ranch 

J i c a r i l l a  Apache 51 2 2 3 
R e s e r v a t i o n ,  N?? 
Well 30.3.32.343 

J i c a r i l l a  Apache 1117 2 3 
R e s e r v a t i o n ,  NX 
Well 30.3.32.343 

Cobernador,  NM 7/25 2 3 
Lower Burrow Canyon 

Gobernador,  NX 1118 2 3 
Lower Burrow Canyon 

Gobernador,  h?l 513 . 23 
B i x l e r  Ranch 

Gobernador, ?i?i 111 8 2 3 
B i x l e r  Ranch 

Blanco, h?C?.: 4/30 2 2 
San Juan River 

Blanco , !;?I 111 8 2 2 
San J U A ~  River  

Cobernador ,  S?1 7/24 2 7 
Cave S p r i n g s  

Gobernador,  :\% 1 1 / 6  2 7 
Cave S p r i n g s  

Gobernador,  &GI 4 / 30 2 7 
Bubbling Spr ings  



Table 12 1973 Summary of Analy t ica l  Resul t s  

for Off-NTS ~ o n ~ - ~ e m  Hydrological 'Monitoring Program 

Depth Typeof  
Sampling Sample Metres Radio- Radioac t iv i ty  Conc. % of Conc. 
Location Date ~~~e~ ( ~ e e t ) ~  a c t i v i t y  l ~ - ~ ~ ~ i / m l  Guide 

Gobernador, NM 1117 27 
Bubbling Springs 

Dulce, NM 
City Water 

Dulce, NM 
City Water 

Dulce, NM d 

La  J a r a  Lake 

Dulce, NM 
La Jara Lake 

Dulce , NM 
La J a r a  Lake 

d 
Gobernador, NM. 
EPNG Well 10-36 

Gobernador, NM 
EPNG Well 10-36 

Gobernador, NM 
EPNG Well 10-36 

PROJECT GNOME 

Malaga, NFl 
USGS Well No. 1 

Malaga, NM 
USGS Well No. 4 



Table  12 1973 Summary o f  A n a l y t i c a l  R e s u l t s  

f o r  Off-NTS Long-Term Hydro log ica l  Moni tor ing Program 

Depth Type o f  
Sampling Sample Metresb Radio- R a d i o a c t i v i t y  Conc. % of Co-~c 
Loca t ion  Date ~~~e~ ( F e e t )  a c t i v i t y  1 0 - ~ p c i / m l  Guide 

Malaga, NM 4/26 23  144 3~ 1,400,000 4  7  
USGS Well No. 8  (473) 8 9 ~ r  <2,500 <83 

9 0 ~ r  , 15,000 5,000 
2 2 6 ~ a  1 .9  6 .3  

7 ~ s  190 1 . 0  

Malaga, NM 4/26 
PHs Well No. 6  

Malaga, NM 4/25 
PHs Well No. 8 

Malaga, NM 4/26 
PHs Well No. 9  

Malaga, NM 4/26 
PHs Well No. 1 0  

Malaga, NM 4/25 
Pecos R i v e r  
Pumping S t a t i o n  

Loving,  NM 4/25 
C i t y  W e l l  No. 2  

Car l sbad ,  NM 4/25 
C i t y  Well No. 7  

a21 - Pond, Lake, R e s e r v o i r ,  S tock Tank, Stock Pond 

22 - Stream, River ,  Creek 

23 - Well 

24 - P l u l t i p l e  Supply - Mixed (A w a t e r  sample c o n s i s t i n g  o f  mixed o r  m u l t i p l e  sources  
of w a t e r ,  such  as w e l l  and s p r i n g . )  

27 - S p r i n g  

b ~ f  d e p t h  i s  n o t  shown, w a t e r  was c o l l e c t e d  a t  s u r f a c e .  A l l  dep ths  a r e  below s u r f a c e  ' 
l e v e l .  

C 
. C o l l e c t e d ,  b u t  n o t  analyzed a s  of 12/31/73.  

%Jot r e p o r t e d  i n  0513 r e p o r t  o f  1972. ' 
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